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therapy...the most efficacious meth- 
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The Cardiovascular Aspects of Marfan’s 
Syndrome: A Heritable Disorder of 


Connective Tissue 


By Victor A. McKusick, M.D. 


Clinically, Marfan’s disease behaves as an abiotrophy of some connective tissue element. Cardio- 
vascular manifestations result from defective aortic media, defective valve cusps, interatrial com- 
munication, and pectus excavatum. The defect of the aortic media manifests itself by dissecting 
aneurysm, diffuse aneurysm of the ascending aorta or a combination. Subacute bacterial endo- 
carditis in a patient with Marfan’s disease is described. Interatrial septal defect is less frequent 
than previously believed. Cardiac symptoms in severe pectus excavatum must be evaluated in 
light of possible Marfan’s disease. Fifty families in which at least one bona fide instance of 


Marfan’s disease has occurred were collected. 


S part of a study of heritable disorders 
of connective tissue, the total genetic, 
clinical and pathological picture of 

Marfan’s disease has been analyzed in 50 
kinships in which at least one bona fide in- 
stance of this condition has occurred. The 
total number of definitely affected persons is 
approximately 105; this figure cannot be 
stated more dogmatically since, as might be 
expected, borderline cases were encountered in 
a number of the families. 

A majority of the families for this study 
was discovered by examination of all available 
instances of congenital subluxation of the 
lenses; study of the individual patients and of 
their relatives revealed stigmata of Marfan’s 
disease in approximately 70 per cent of these. 
Other specialities, particularly pediatrics, or- 
thopedics and endocrinology, provided leads 
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on cases. The Medical Examiner,* who is 
likely to see those cases of Marfan’s syndrome 
which end in sudden death, has been another 
significant source of cases. Cases of dissecting 
aneurysm of the aorta from this source and 
from hospital pathology files-have been studied 
from the point of view of inherited connective 
tissue abnormality of the Marfan type. 
Finally, the families of all cases ever diagnosed 
as arachnodactyly or Marfan’s syndrome at 
the Johns Hopkins Hospital have been traced 
when possible and studied. The occurrence of 
multiple cases in many of these families, e.g., 
15 in one, nine in a second, has swelled the 
total. 

Other factors of this study,t including the 


* The writer is indebted to Dr. Russell S. Fisher 
for permission to use the files of the Medical Ex- 
aminer’s Office of the City of Baltimore. 

+ The genetic data support the view that a single 
mutant gene is responsible for all aspects of this 
complex syndrome. One would suspect that there is, 
in some element of connective tissue, a basic bio- 
chemical defect, having widespread repercussions 
and resulting in the varied manifestations of this 
syndrome. The precise defect is yet to be identified. 
However, in a situation such as this it is possible to 
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CARDIOVASCULAR ASPECTS OF MARFAN’S SYNDROME 
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genetic aspects, will be reported elsewhere. 
It is the purpose here to record the experience 
with abnormalities in the cardiovascular sys- 


construct a ‘‘pedigree of causes’! as is given in figure 


1. The chart reviews the components of this syn- 
drome. Special attention is directed to those mani- 
festations indicated by interrupted lines: in the 
skeletal system, spina bifida occulta and hemi- 
vertebra; in the heart, interatrial septal defect and 
coarctation of the aorta; in the eye, coloboma of the 
lens and microphakia. In the present state of our 
knowledge these congenital anomalies of the more 
conventional type are difficult to explain on the 
basis of a unitary defect of connective tissue unless 
one assumes that the presence of this defect during 
embryogenesis produces an abnormal setting in which 
these particular anomalies occur with increased 
incidence. If this is true, these less frequent mani- 
festations indicated by the interrupted lines may be 
considered secondary ones. 
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tem. Such abnormalities, of at least mild 
degree, were detected in 46 individuals with 
possible abnormalities in 11 others. 

It is convenient to discuss the cardiovascular 
aspects of Marfan’s syndrome and to classify 
the cases according to the following outline: 

I. Aorta: 

1. Dilatation of aortic ring. 
2. Dilatation of ascending aorta. 
3. Dissecting aneurysm. 

4. Combinations of 1, 2 

5. Coarctation. 

6. Patent ductus arteriosus. 

Pulmonary Artery: 

1. Dilatation (including some cases of so- 
called “‘congenital idiopathic dilata- 
tion’’). 

2. Dissecting aneurysm. 

3. Microscopic alterations of media. 


and 3. 


Il. 
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] I. Septal Defects: 
1. Atrial. 
2. Tetralogy of Fallot. 
V. Valvular Abnormalities: 
1. Stretching and sacculation of the aortic 
cusps. 
2. Other gross and microscopic changes. 
3. Subacute bacterial endocarditis. 
V. Dysrhythmias and conduction defects. 
VI. Pectus excavatum. 


Aortic LESIONS 


A number of the early autopsies in cases of 
vlarfan’s syndrome, all infants and children, 
revealed patency of the interatrial septum. 
“Congenital heart disease’”’ in general and this 
(lefect. specifically came to be considered the 
cardiovascular hallmark of this disorder. As 
adult patients were recognized and studied, it 
became clear that a structural abnormality in 
the great vessels leads to manifestations which 
are both more frequent and clinically more 
significant. Although a very few references* to 
aortic abnormalities in association with arach- 
nodactyly are buried in the earlier literature, 
the first definitive description of the two com- 
plications to which the aortic defect predis- 
poses, diffuse dilation of the aorta? and 
dissecting aneurysm of the aorta,’ appeared in 
1943. 


* One such instance is the case of a six year old 
child with aneurysm of the ascending aorta which 
ruptured into the pericardium, reported by Bronson 
and Sutherland in 1918.% ‘The unusual shape of 
his head and ears and the looseness of his joints 
attracted attention early in infancy.’’ Inguinal hernia 
was repaired surgically at the age of two years and a 
left diaphragmatic hernia was discovered by x-ray 
¢xamination. He was always undernourished but was 
sensitive and mentally advanced for his age with a 
cuaint way of expressing himself and ‘‘a sense of 

umor of his own’. The forehead was high and 
ull, the palate highly arched. The ears were large 
ithout the normal folds of the pinnae. The joints 
rere lax, the limbs flail-like and the elbows showed 
iefinite subluxation. There was lordosis and pigeon- 
‘reast with an increased prominence of the right side 
f the chest which showed better expansion. A pul- 
ating mass was discernible to the right of the ster- 
1um. Although no diastolic murmur was mentioned, 
he left ventricle was hypertrophied at autopsy. 
There was also partial coarctation proximal to the 


The early changes, which are more likely to 
be seen in cases dead of dissecting aneurysm, 
are indistinguishable from Erdheim’s cystic 
medial necrosis. (Etiologically the latter may 
not be a homogeneous entity inasmuch as not 
all histologically typical examples can be cor- 
related with clinical evidences of Marfan’s 
syndrome.) The late changes, which occur 
characteristically in cases of dilatation of the 
ascending aorta, usually with profound aortic 
regurgitation, consist of 1—disruption of the 
elastic lamellae, 2—formation of conglomerate, 
disorganized masses of hyperplastic and hy- 
pertrophied smooth muscle fibers, and 3— 
formation of greatly dilated vascular channels 
penetrating the media from the adventitia. 
The net result is a thicker aortic wall than 
normal, but a weaker one. 

The interpretation of the histologic findings 
and the deduction of pathogenesis from them 
are matters of disagreement. Some suggest 
that the large vascular pools, presumably a 
congenital anomaly, produce the other changes 
by local stagnant anoxia. More plausible, 
perhaps, is the pathogenetic chain of events 
proposed by Gore‘ and others. This view holds 
that ‘‘degeneration” of the elastic lamellae is 
of primary importance. Thereafter the smooth 
muscle fibers which normally have both their 
origin and their insertion on the elastic plates 
collapse together and, so it would seem, under- 
go compensatory hypertrophy and _ perhaps 
hyperplasia. May not the vascular changes ob- 
served be secondary to these smooth muscle 
changes? 

The predominant involvement of the base 
of the aorta or most of the ascending aorta (in 
progressively lesser degree as one passes away 
from the heart, usually with rather sharp stop- 
ping of the alterations at the mouth of the 
innominate artery) is by no means inconsistent 
with this disease, it being a generalized dis- 
order of some connective tissue element such 





left subclavian artery. It is impossible to imagine a 
better description of the condition under discussion 
here. The authors also presented a detailed review of 
reports previous to that time; many of these cases 
also are reasonably clear instances of Marfan syn- 
drome. 





CARDIOVASCULAR ASPECTS OF MARFAN’S SYNDROME 


Fig. 2. Prominence of the main pulmonary artery 
and pulmonary conus and inconspicuous dilatation of 
the ascending aorta in a 49 year old man diagnosed 
as having rheumatic aortic and mitral lesions in 
spite of being very tall and having both spinal and 
thoracic deformities and ectopia lentis. 


as the elastic fiber. Marfan’s disease is an 
abiotrophy: the involved tissues wear out 
prematurely under the usual stresses and 
strains. The ascending aorta is subjected to 
pressures which are maximal for the arterial 
tree. As the pulse wave moves out in the 
vascular tree, the effective size of the elastic 
chamber into which the ventricle is ejecting 


is constantly increasing. The first sharp in- 


crease in the volume of this reservoir occurs at 
the innominate artery. There can be little 
doubt that the preinnominate ascending aorta 
is under maximal arterial stress and that this 
fact is, to a considerable extent, responsible for 
the localization of predominant involvement 
in both syphilis and Marfan’s disease. The 
observations of Reynolds” that with physio- 
logical pulse pressures only the ascending 
aorta shows appreciable dilatation is probably 
pertinent in this connection. 

Diffuse Aneurysm of the Ascending Aorta. 
When this particular abnormality occurs in 
Marfan’s syndrome it is almost always limited 
to the ascending aorta, stopping abruptly just 
before the mouth of the innominate artery. 


(Clinically in case 3 of Thomas and ¢co- 
workers®® the descending aorta was also in- 
volved.) That the aortic ring and adjacent 
intrapericardial portion of the aorta are firs 
affected is clear from the clinical course and 
has been demonstrated pathologically in cases 
dying before full-blown changes had de- 
veloped.*: * This feature is of great clinical 
significance since frequently these patients 
have profound aortic regurgitation with little 
or no demonstrable aortic dilatation. Syphilis, 
rheumatism, or bacterial endocarditis is often 
suspected first; when these appear unlikely 
from collateral evidence and when, as is so 
often possible in all sorts of disorders, a history 
of trauma is elicited, traumatic rupture of a 
normal aortic cusp is postulated.® Further- 
more, a deceptive prominence of the pulmonic 
conus and main pulmonary artery may result 
from displacement of these structures by the 
dilated intrapericardial portion of the ascend- 
ing aorta. This radiologic feature was very 
striking in case 2 of Baer and associates.? The 
pulmonary artery may, of course, be dilated 
as a result of intrinsic involvement of its 
media. Whatever the cause, the prominence of 
the pulmonary artery together with the Austin 
Flint murmur of aortic regurgitation leads 
frequently to the false diagnosis of rheumatic 
heart disease with combined aortic and mitral 
lesions. Such was the case in the patient, aged 
49 years, whose chest x-ray is presented in 
figure 2, in spite of the fact that he was 6 feet 
316 inches tall, he had a spinal and _ thoracic 
deformity and had had ectopic lenses removed 
10 and 13 years previously. 

The aortic cusps, which probably partici- 
pate in the same connective tissue defect, 
become enormously sacculated. Their defect 
may contribute to the aortic regurgitation. 
The stretching of the aortic cusps may pro- 
ceed to the point that breaks with fenestration 
of the valve leaflets result.’ At times the mur- 
mur of aortic regurgitation may be exceedingly 
loud and audible at a distance from the 
chest.® ** It may have the musical ‘‘cooing”’ 
character commonly associated with rupture 
or eversion of an aortic cusp. Although, as 
mentioned above, traumatic rupture is fre- 
quently suspected, it is possible that such 
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Fig. 3A 


Fic. 3B 


Fic. 3. A. Both the man and his daughter have bilateral subluxation of the lenses, spinal curva- 
ture and dolichostenomelia (long, thin extremities). The man has had femoral and inguinal hernias 
repaired. The girl is only 9 years old. In 1950 the man had no cardiac murmurs. In 1953 he was found 
to have well-marked aortic regurgitation. B. The chest x-ray films of this man reveal no apparent 
dilatation of the ascending aorta. (The scoliosis obscures the picture.) Fluoroscopy likewise failed 


to establish dilatation of the aorta. 


rupture of the defective aortic cusps may 
occur with or without physical strain in a pa- 
tient with Marfan’s syndrome. 

By examining and following patients with 
‘ctopia lentis and their families, I have dis- 
covered three individuals who appear to be at 
he very inception of their aortic regurgita- 
ion. Figure 3 A and B presents such a case 
the father). The aorta is not evidently dilated. 
‘n two of these very early cases the second 
iortic sound has a tambour quality reminiscent 
f that in syphilitic aortitis. 

A number of years after aortic regurgita- 
ion is first observed these patients are likely 
o develop angina pectoris and left ventricular 
ailure. The prognosis thereafter is identical 
with that of severe aortic regurgitation of 
syphilitic origin.!° Most of the patients suc- 
cumb within two years after the onset of 


significant symptoms. Granting the impor- 
tance of other factors in the angina pectoris, 
one cannot help but wonder if one factor may 
not be the pronounced dragging of the large 
blood-laden aortic cusps on the coronary ostia. 
The coronary ostia become displaced to a 
higher position relative to the aortic com- 
missures just as occurs in syphilitic aortitis. 

Aortic dilatation with aortic regurgitation 
was the principal cardiovascular abnormality 
in at least 11 patients in this series. A boy was 
found to have the murmur of aortic regurgita- 
tion at the age of five years following a bout 
of pertussis and died at the age of 734 years. 
Another patient died at the age of 50 years, 
an aortic diastolic murmur having been first 
discovered 10 years before and bouts of left 
ventricular failure followed by right-sided 
failure having begun three years before. In a 
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reported case® dilatation of the ascending 
aorta with aortic regurgitation and marked 
left ventricular hypertrophy resulted in the 
death of a ten month old infant, and in 
another” death did not occur until the age of 
55 years. 

The patient presented in detail below is 
representative of the cases of aneurysmal 
aortic dilation in this series. An aortic diastolic 
murmur is known to have been present for at 
least nine years before death and seven years 
before the onset of left ventricular failure 
and angina pectoris. He lived 21 months after 
the onset of these symptoms. The correct 
diagnosis was not suspected until late because 
of inconspicuous dilatation of the aorta until 
the last year of life, failure to detect the 
ectopia lentis, and partial submersion of the 
characteristic habitus in the general pyknic 
build of the family from which the patient 
sprang. Earlier in the patient’s course trau- 
matic rupture of a normal aortic cusp was 
considered the probable diagnosis. 


L. K. (J.H.H. 571745), a white man born in 
1913, was first admitted to this hospital in May, 
1951. On April 16, 1951, while riveting at an air- 
craft plant he noted the rather sudden onset of 
severe steady pain in his right chest radiating down 
the right arm. This disappeared in a few hours, and 
he was essentially asymptomatic thereafter, but 
was aware of profuse sweating particularly of the 
hands and feet. 

Examination revealed that the blood pressure 
was 195/40/0. He was a slightly built man of aver- 
age height. There was alternating external strabis- 
mus and the pupils were rather small but normally 
reactive. No other ocular abnormality was detected 
at that time. There were pronounced cardiac and 
peripheral signs of aortic regurgitation. 

There was no history of rheumatic fever or syphi- 
lis and no laboratory or clinical evidence of syphilis 
or bacterial endocarditis. There was a story that in 
his work as a riveter the instrument which he held 
in front of his chest had, on several occasions, slipped, 
striking his chest forcefully. The possibility of 
traumatic rupture of an aortic cusp was considered 
most likely. In fact this was considered so likely by 
his physicians that with their assistance the patient 
succeeded in making a $4,000 settlement with his 
employer! The history of his having been previously 
turned down for insurance was not elicited. 

The patient was virtually asymptomatic until 
September, 1951 when he began to have attacks 


heralded by very profuse sweating and consistin; 
of pain under the lower sternum, severe palpitation 
and coughing. Rapid eating and excitement wouk 
precipitate the attacks. They occurred most ofter 
about midnight. 

The patient’s second admission was in May, 1952 
At that time Dr. F. W. Dick first noted that the 
patient had iridodonesis bilaterally and that the 
edge of ectopic lenses could be seen with the ophthal 
moscope. Since the age of 10 years the patient hac 
worn glasses for myopia and bifocals since the age 
of 19 years. Examination revealed profuse sweating 
even in a cool room. The lid slits were wide and there 
was lid lag; these were interpreted as probably being 
related to the effort to accommodate. (The exces 
sive sweating was probably that frequently seen 
with left ventricular failure.) The head was round 
and neck rather short. There was kyphosis without 
scoliosis. Muscular development was on the whole 
rather poor. The shoulders were rounded and 
scapulae moderately winged. His height was 5 feet 
7 inches, fingertip-to-fingertip span 5 feet 11 inches. 
Pubic symphysis to heel dimension was 34 inches 
(over half his total height). There was syndactylism 
of the second and third toes bilaterally. At this 
time there was a diastolic thrill at the right border 
of the sternum and mediastinal dullness was in- 
creased to the right. 

It was now very apparent that the patient had 
Marfan’s syndrome. Superannuated dissecting aneu- 
rysm of the aorta was considered likely. 

The remainder of the patient’s life was charac- 
terized by severe attacks of sweating, anginal 
pain, and orthopnea. At no time were there signs 
of right-sided failure. Comparison of early and late 
films are presented in figures 4A, B, C, D The pa- 
tient died Jan. 23, 1953. 

At autopsy ( #24360) his height was determined 
to be 5 feet 6 inches. (There is a discrepancy among 
the various reported measurements.) The kyphosis 
was again described. The significant findings were 
limited to the heart which weighed 980 Gm. (fig. 4C). 
The increased weight was almost entirely the result 
of very marked left ventricular hypertrophy. The 
ascending aorta was the site of pronounced fusiform 
dilatation. The aortic valve ring was dilated to 
about four times the normal circumference. The 
sinuses of Valsalva were greatly dilated and the 
aortic valve cusps themselves were relatively enor- 
mous baggy structures. The aortic dilatation stopped 
at the mouth of the innominate artery. Beyond 
the mouth of the left subclavian the aorta narrowed 
sharply in a typical, although only partial (about 
40 per cent), stenosis of the isthmus. 

Microscopic sections of the aorta (see figure 4D) 
revealed replacement of most of the media by scar 
tissue. There were some areas of cystic medial 
degeneration. Elastic tissue stains revealed marked 
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Fic. 4A 


omrciztion 


Pulm a. 


Fic. 4 C Fig. 4 D 


Fic. 4. A. Dilatation of the ascending aorta is present but is not impressive. (Film taken 
18 months before death in patient L. K.) B. A film four months before death in patient L. K.C. A 
sketch of the heart and great vessels as visualized at autopsy in patient L. K. Mild coarctation 
was present. Dilatation limited to the ascending aorta and tremendous sacculation of the aortic 
cusps are conspicuous features. Note the high relative position of the coronary ostia. D. Histologic 
section from the ascending aorta in the case of the patient L. K. See text. 


cisruption, fragmentation and sparcity of elastic information that the patient was turned down for 
{ bers. insurance in 1944 because of aortic regurgitation. 

After the death of the patient, an investigation Therefore an aortic diastolic murmur had _ been 
1 vealed, in the records of an insurance company, present for at least nine years before death and for 
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several years before symptoms of significance. It 
should also be noted that he had had varicose veins 
which required surgical treatment. 


Comments. A point of great diagnostic in- 
terest and importance is illustrated by the 
x-ray films shown in figure 4, namely the fact 
that the aorta was not conspicuously dilated 
at the time the patient was first seen, in spite 
of the presence of striking aortic regurgitation. 
A possible useful point may be in the finding 
at fluoroscopy at the time of the first admis- 
sion that “the lower right border of the heart 
in the region of the right atrium showed a 
marked increase in amplitude of pulsation. The 
pulmonary artery segment on the left side of 
the heart also pulsated vigorously, although 
the vascular markings of the lung were if any- 
thing decreased.’’ As pointed out above, in 
some of these cases the outflow tract of the 
right ventricle and base of the pulmonary 
artery are evidently displaced forward and to 
the left (by the dilatation of the base of the 
aorta), simulating enlargement of these struc- 
tures.’? On the other side the intrapericardial 
portion of the aorta may be responsible for 
displacement and active pulsations in the right 
atrium. 

A feature of equal diagnostic significance 
and of considerable genetic interest is the 
relative submersion of the full-blown skeletal 
manifestations when the Marfan mutation 
occurred in this pyknic stock. When first seen 
the patient did not impress anyone as being 
beyond the normal range as to habitus. Dis- 
covery of ectopic lenses resulted in the ob- 
server being more impressed with the habitus. 
Comparison with his brothers and_ sisters 
would likewise have impressed the physician 
with the patient’s abnormality. Other mem- 
bers of the family were about 5 feet 3 inches 
tall and were very heavily muscled with short 
powerful extremities and stubby fingers. The 
moral to the diagnostician is obvious. Al- 
though extensive studies of the families were 
not undertaken, several cases in the literature 
probably illustrate this same phenomenon.® 

This case bears many resemblances to case 3 
of Tung and Liebow.’ The type of aortic in- 
volvement which they illustrate is almost 


identical to that in figure 4C. Their patien , 
who died of aortic insufficiency at age 42, ha | 
had two herniorrhaphies and had varico: » 
veins. Although the authors state that “n> 
suggestion of arachnodactyly nor of any othr 
external sign of Marfan’s syndrome (was) 1 - 
corded by any of several senior physicians wh 
were concerned with the care of this man,” 
must be noted that he died in 1932 which w: ; 
before a single case of this syndrome had bee 
reported in the internal medical literature ¢ ° 
this country and over 10 years before the ass« - 
ciation of aortic dilatation and arachnodacty!| 
was first clearly described.’ 

Dissecting Aneurysm. The same lesion whic 
may result in diffuse dilatation may be tl 
basis for dissecting aneurysm of the aort:. 
In fact the two complications occasional] ’ 
coexist (see figure 3 in ref. 42 and figure 2 in 
ref. 54). This is, then, another mechanism for 
an association of the murmur of aortic regurgi- 
tation with dissecting aneurysm.’* That the 
lesions are not necessarily limited to the as- 
cending aorta is indicated by cases of arach- 
nodactyly and dissecting aneurysm in which 
dissection and cystic changes were observed 
in the abdominal aorta." " In case K. B. 


reported below, two dissections were present 


in the aorta, one proximal and one distal to a 
partial coarctation. In a patient described by 
Weve® in 1932, laparotomy revealed aneurysm 
of the aorta extending from the diaphragm 
into the pelvis. Sudden death on the basis of 
dissecting aneurysm with rupture into the 
pericardial sac or pleural cavity was demon- 
strated to have occurred in several patients of 
this series and from the history is suspected 
to have occurred in several others. 

To my knowledge the oldest patient suc- 
cumbing to this complication of Marfan’s 
syndrome was 52 years old;” a 48 year oli 
patient dying of dissecting aneurysm on this 
basis was discovered in this series. 

At least one patient in this series survive | 
the acute dissection for about two year, 
demonstrating aortic regurgitation which fro: 
autopsy evidence appeared to have been dit > 
principally to distortion of the aortic ring F ” 
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the intramural hematoma. In one case™ de- 
scr bed as “chronic dissecting aneurysm of the 
ao ta resembling chronic rheumatic heart dis- 
ea: >” historical and physical features typical 
of Marfan’s’ disease are enumerated although 
the existence of a generalized connective tissue 
ab .ormality was apparently not appreciated 
by the authors. In still another case reported 
as “chronic dissecting aneurysm simulating 
sy shilitie cardiovascular disease,” Marfan’s 
sy drome mimicked the “Great Mimic.’ The 
oc urrence of aortic regurgitation with dis- 
secting aneurysm is well recognized in this 
country since Resnick and Keefer’s description 
in 1925.4° Hamman’s explanation (distortion of 
the aortic ring by the intramural hematoma) 
is the usually accepted one.*¢ 

A combination of terminal dissection of the 
aorta with previous dilatation of the ascend- 
ing aorta occurred in several of the patients 
in this series including the two Medical Ex- 
aminer’s cases who are described briefly below: 


1. R. L. L., a 37 year old unmarried white man, 
dropped dead on March 19, 1953, while being inter 
viewed for employment. Necropsy revealed dilata- 
tion of the ascending aorta and dissection of the 
aorta with rupture into the pericardial sac. From 
the application form he had just filled out for em- 
ployment and from conversations with his parents 
in a distant state, the following facts were pieced 
tovether. He was 7414 inches tall and weighed 220 
pounds. He had always been stout. “A cartilage” 
projected on one side of the front of his chest. He 
had flat feet and knock-knees for which he was 
turned down for the Army but subsequently was 
taken into the Air Corps where he served four years 
an| attained master sergeant rating. His knees 
gave him much trouble and required operation while 
he was in the service. For several years before his 
deith his family noted a collapsing type of active 
pulsation in the neck. He was dyspneic on climbing 
st: irs but this was attributed to obesity. He lacked 
hi usual energy. After his death digitalis was, found 
or his person and it was found that unknown to his 
psrents with whom he lived he had been under 
mdical care for some time. This appears to have 
bx en. a sporadic case inasmuch as a sister, the parents, 
gi indparents, aunts, and uncles, appear to be un- 
at ected by anything resembling Marfan’s disease. 

2. W. W., a 24 year old white boy, died suddenly 
o July 8, 1944, following a high dive. Necropsy 
re vealed dilatation of the ascending aorta and dis- 


secting aneurysm with rupture into the pericardial 
sac. This patient was 7314 inches tall and is described 
by his father as having been ‘well built.’’ He was 
an active wrestler, ice skater, swimmer. He was 
turned down by the Selective Service examiners 
about 18 months before his death because of aortic 
regurgitation. He was advised not to dive. No eye 
abnormality was known and he had had no trouble 
with hernia or flat feet. He was employed in war 
industry in Baltimore at the time of his death. 
The parents and two siblings are said to be well 
although there has been no opportunity to examine 
these individuals who live in another part of the 
country. A paternal uncle, 75 inches tall, died of 
“leakage of the heart’’ at the age of 60 years. He 
had, however, had rheumatism in younger years. 


Other Aortic Abnormalities. Coarctation of 
mild degree, and of the adult type, was present 
in patient L. K. above and patient K. B. 
below. It has been previously described in pa- 
tients with Marfan’s syndrome.!!: > Two pa- 
tients had patent ductus arteriosus and this, 
too, has been seen before.'® As mentioned in 
the footnote on page 2, these may be con- 
sidered secondary manifestations of this con- 
dition. It is doubtful whether there has ever 
been a case of Marfan’s syndrome with coare- 


tation severe enough to be of clinical signifi- 


cance. (One patient in our group has 
hypertension and a small left radial pulse but 
no discrepancy in arm and leg _ pressures.) 
However, it is probably wise to be on the look- 
out for stigmata of Marfan’s syndrome when- 
ever either coarctation or patent ductus is 
encountered. 

Whitfield, Arnott and Stafford*® described 
a case of simple hypoplasia of the aorta with 
Marfan’s syndrome. They suggested that the 
increased resistance produced by the reduced 
aortic diameter might have been at least 
partially responsible for the cardiac hyper- 
trophy in this case. Since hypoplasia of the 
aorta is a questionable explanation for symp- 
toms or signs under any circumstances, the 
interpretation of these authors is doubtful. In 
at least one reported case,*' bacterial endaorti- 
tis was thought to be present, producing the 
clinical picture of subacute bacterial endo- 
carditis. The site of infection was probably 
the first part of the descending aorta. 
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PULMONARY ARTERY LESIONS 


Baer, Taussig and Oppenheimer? described 
the same lesions in the pulmonary artery as 
occurred in the aorta of their two patients. 
However, these lesions were not sufficiently 
pronounced to have been of functional signifi- 
eance. Tung and Liebow® have described the 
case of an infant in which the pulmonary 
arterial abnormality was of real clinical signifi- 
vance, and also that of an adult with a clinical 
picture which would justify the label of 
“idiopathic congenital dilatation’’ of the pul- 
monary artery. We have seen cases of both 
types and presented below is an example of 
the first. Anderson and Pratt-Thomas"” have 
recently reported another case in which in- 
volvement of the pulmonary artery dominated 
the clinical picture. In this patient rupture of 
the pulmonary artery into the pericardial sac 
occurred. In retrospect, surveys of the litera- 
ture reveal cases which, from ancillary informa- 
tion, were almost certainly cases of aneurysm 
of the pulmonary artery on this basis.** 

“Idiopathic congenital dilatation” of the 
pulmonary artery’ is almost certainly not a 
homogeneous group. In some of the cases there 
is hypoplasia of the aorta. It has generally 
been considered a benign condition. If there is 
any reason to suspect that this is merely one 
component of Marfan’s syndrome, the prog- 
nosis is, of course, quite different. Dissecting 
aneurysm occasionally occurs in the pulmonary 
artery on the basis of the medial abnormality 
of Marfan’s disease. 


In the infant described below, pulmonary 
artery involvement was of primary significance. 


B. J. P. (H.L.H. A93754) was born Nov. 9, 1951. 
She weighed 6 pounds, 11 ounces, and was thought 
to be healthy. The mother had had no pregnancies 
in the 19 years between this one and that which 
occurred in 1933. The mother first learned of the 
child’s heart murmur when the child was four months 
old. The child was never able to sit up or roll over 
by itself. When first seen at the age of six months, 
the following findings were recorded: The left side 
of the face was smaller than the right. Respirations 
were rapid (about 50 per minute). There was a 
pigeon breast deformity of the thorax. The pulse 
was regular at a rate of 150 per minute. Femoral 
pulses were full. The heart was enlarged beyond the 


Fig. 5. X-ray film of the chest in infant B. J. ?. 
The pulmonary anomaly is evident as well as the pro- 
nounced cardiomegaly. 


left midclavicular line. A systolic thrill was palpable 
over the entire precordium but was maximum in 
the left midprecordium. A harsh systolic murmur 
had the same location. The liver edge was 1.5 cm 
below the right costal margin. There was no clubbing 
or cyanosis. 

Fluoroscopy (see figure 5) revealed great cardiac 
enlargement to both left and right with globular 
shape. The right ventricle was definitely enlarged 
in the oblique views. The right lower lung field had 
a distinctly abnormal appearance. It lacked the 
usual lung markings and was unusually radiolucent 
There was a question of atelectatic lung (? right 
middle lobe) at the right heart border. By electro- 
cardiogram the P waves were broad and notched. 
The P-R interval was 0.16 second which is long 
considering the patient’s age and heart rate of 150 
per minute. Very large R waves in the leads from 
the left of the precordium suggested left ventricular 
hypertrophy. The hematocrit was 29.5 per cent 
with hypochromic, microcytic cell indices. 

Late in May, 1952 the patient developed physica! 
and x-ray signs of consolidation in the right upper 
lobe and became febrile. These signs were altered 
little by ‘he administration of several differe: 
antibacter.al agents. The heart was extremely ove: - 
active and shook the whole bed. Occasionally tl 
murmur assumed a to-and-fro quality, especial 
at the lower left sternal border. The liver enlarge | 
in size. Subsequently signs of consolidation of tl > 
entire right lung appeared. On July 31, 1952 it w: 
noted that both lenses were misplaced mediad an | 
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at dilatation of the pupil with phenylephrine was 
ly partially successful. Ophthalmologic consultants 
served that the patient was extremely myopic 
ith small lenses. In the last weeks of life there was 
a1 episode of hematuria related, perhaps, to sulfa- 
azine therapy. Death occurred on July 10, 1952 
hen the patient was only 8 months old. 
Autopsy (#23761) revealed that the right lung 
as partially atelectatic. The left lung was normal. 
"he pulmonary artery was larger in circumference 
tian the aorta. The foramen ovale was imperfectly 
cosed. All chambers of the heart showed hyper- 
tophy of their walls and dilatation. The hyper- 
t ophy of the right atrium was particularly marked 
Microscopically there were no lesions of the myo- 
cardium. However, the wall of the pulmonary artery 
and toa lesser extent that of the aorta showed typical 
changes of Marfan’s syndrome. The media contained 
vacuoles filled with metachromatically staining 
material and there was derangement and relative 
sparcity of elastic fibers. The wall of the pulmonary 
artery was thicker than that of the aorta. At the 
time of the gross examinations the bronchial tree 
was injected with radio-opaque material and radio- 
grams were made. To the surprise of the prosector 
no abnormality was identified. 


Comments. Obviously the most informative 
feature of this case is the advanced change in 
the pulmonary artery which undoubtedly re- 


sulted in pulmonary regurgitation and was a 
leading factor in the infant’s death at the age 
of only eight months. Ectopia lentium, myopia, 
microphakia, arachnodactyly, retardation of 
ability to sit or roll over complete the picture of 
Marfan’s syndrome. 

This kinship illustrates one of the dif- 
ficulties of genetic research in man. The 
illegitimacy of this infant and the presence of a 
legitimate wife made the utmost tact and 
resourcefulness necessary for collecting even 
these few data. The father of the infant is 
ebout 74 inches tall, has long hands and feet, 
end wears spectacles. Examination was not 
possible and no further pedigree information 
vas obtained. 


INTERATRIAL SEPTAL DEFECT 


This lesion, the incidence of which in 
larfan’s syndrome was exaggerated by earlier 
ieports, is of real functional significance in 
ceeasional patients. The 12 year old girl 
“escribed below is such a case. Almost all the 


cases” !?, 19, 20,21 are ones of patency of the 
foramen secundum (foramen ovale); the fora- 
men primum type of patency has been de- 
scribed with certainty in only one autopsied 
case.” Abnormality of the interatrial septum is 
possibly, like coarctation and patent ductus 
arteriosus, a secondary manifestation of the 
connective tissue defect. 

One would expect that the combination of 
interatrial septal defect and inherent weakness 
of the pulmonary arterial wall might result in 
even more dilatation of the pulmonary artery 
than is usually seen with either lesion alone. 
This has not been demonstrated with certainty, 
however. 


M. E. C. (J.H.H. A98174), born in 1940, was 
first referred to Dr. Helen B. Taussig in Nov., 
1952, for investigation of her congenital heart de- 
fect and paroxysmal tachycardia. The father is 76 
inches tall and very asthenic and has a spinal curva- 
ture and ectopia lentis but no evidence of cardio- 
vascular abnormality. 

In this case a heart murmur had been described 
before the age of two years. Except that she never 
gained weight well and could not keep up with the 
other children at play, the patient was relatively 
well until April, 1952, when she had a first attack 
of paroxysmal tachycardia lasting several hours. 
Two more attacks occurred, one in May and a 
second in Sept. 1952. 

The patient was a tall, slender -white girl of better 
than average intellect. She was 64 inches tall and 
weighed 79 pounds. She wore glasses for ectopia 
lentium, which had been discovered at the age of 
five years. The palate was high. The chest was long 
with convex scoliosis of the thoracic spine toward 
the right. The heart was not enlarged. However, a 
loud systolic murmur accompanied by a thrill was 
heard in the second and third intercostal spaces to 
the left of the sternum. The patient stood with 
rather marked pronation of the feet at the heels and 
moderate abduction. There was minimal genu val- 
gum. 

On fluoroscopy (see figure 6) the right atrium 
was seen to be enlarged and the main pulmonary 
artery was prominent and active. There was moder- 
ate hilar dance. The left atrium and the ventricles 
appeared to be normal in size. During the recording 
of the electrocardiogram short paroxysms of atrial 
tachycardia occurred. There was a higher degree 
of right axis deviation than would have been antici- 
pated even at this age. Leads II and III showed 
changes in the ST-T complex interpreted as “right 
ventricular strain pattern.”” The QRS complexes 
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Fig. 6. Chest x-ray film in M. E. C., an instance 


of interatrial septal defect with Marfan’s disease. 


were notched in most leads. X-ray films revealed 
no structural abnormality of the vertebrae. 

Surgical repair of the interatrial defect is probably 
worthwhile in this patient in spite of the presence 
of a generalized disorder of connective tissue which 
may express itself elsewhere in the cardiovascular 
system. 


Is TreTrRALOGY OF FALLOT AN OCCASIONAL 
MANIFESTATION OF MARFAN’S SYNDROME? 


We have encountered two patients with 
tetralogy of Fallot who have suggestive 
stigmata of Marfan’s disease. In these cases the 
diagnosis of tetralogy is not in question 
although that of Marfan’s disease is. Careless 
statements in the review literature notwith- 
standing, interventricular septal defect has 
never been established in a case of arachno- 
dactyly. (In Cockayne’s case ventricular 
septal defect was suggested on clinical grounds 
alone and even this evidence was scanty. There 
is a report” of a possible tetralogy of Fallot 
with arachnodactyly.) The cases in this series 


had the Blalock-Taussig operation for tetralogy 
of Fallot and both had arachnodactyly but no 
ectopia lentis. In neither case were there stig- 


mata of Marfan’s syndrome in the other mem- 
bers of the family. One of the cases (J.H.H. 


Fig. 7A 
Fig. 7. A. A ease of tetralogy of Fallot and 
possibly Marfan’s syndrome. Note facial asymmetry, 
deformity of the pinnae and long fingers. B. Hemi 
vertebra in the same case. 


Fic. 7B 
525256) had malformed pinnae and spinal cw: - 
vature from hemivertebra (fig. 7). The other 
patient (J.H.H. 482041) had cleft palate, pcs 
planus, and talipes equinovarus. 
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VALVULAR CHANGES AND BACTERIAL 
NDOCARDITIS 


Unexplained or poorly explained precordial 
systolic murmurs occur commonly in these A : le ieee 
j atients. Redundancy of the chordae tendineae 4 


' 
iaay be the basis of the murmur in some cases. om, Thl2 ize 


‘‘he state of the chordae tendineae is often Fic. 8A 
cifficult to evaluate at necropsy because of the 

other gross abnormalities, especially ventricular 

«nlargement. The thoracic deformity may be 

iesponsible for the systolic murmur in some 

instances. 

Marginal thickening and nodular excres- 
cences of the valve cusps, particularly of the 
mitral valve, occurred in a rather high propor- 
tion of autopsied cases.2° *: % Tung and 
Liebow® have described cystic changes in the 
mitral valve cusps with deposition of the same 
metachromatic coagulum as occurred in the 
aorta in the same case. On these valve changes 
bacterial endocarditis may apparently be 
engrafted. Bacterial endocarditis under these 
circumstances was reported at least twice 
previously** 7 and occurred in the following 
pregnant patient with Marfan’s syndrome: a 

M. E. R. (J.H.H. 176836), a colored female born 
in 1929, is a member of a family which has been 
known to this hospital for about 25 years and in 
which at least 10 cases of Marfan’s syndrome 
(including this patient) have occurred. (The patient 
is individual III-11 in the pedigree presented in 
figure 8A.) The father of the patient, a well-docu- 
mented instance of this syndrome, died of dissecting 
aneurysm of the aorta at the age of 43 years. Of 
four siblings of the patient with this disease three 
have signs consistent with interatrial septal defect. 

The patient demonstrates bilateral ectopia lentis, 
severe myopia, pronounced dolichostenomelia, very 
poor muscular development, severe kyphoscoliosis, 
es planus, and by x-ray films pulmonary emphy- 
sema with bleb formation. The patient is shown in 
igure 8B. She recalled nothing suggestive of acute 
heumatic fever. Most of her life she had been sub- 
-ect to exertional dyspnea. 

Fig. 8. A. Pedigree of the family of patient M. E. 
t. (III-11). Individual II-2 appears to have been 
he original mutant. B. Patient M. E. R. C. The 
ombination of arachnodactyly and clubbing of 
he fingers relates to the Marfan’s disease and sub- 
cute bacterial endocarditis from which the patient 
I. E. R. suffered. D. The mitral valve showing bac- 
erial vegetation. 
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The patient became pregnant in early November 
1953. After about four months there was increase 
in her life-long exertional dyspnea and the appear- 
ance of ankle edema and orthopnea which required 
two pillows. In early April 1954, there was onset of 
evening fever, nightsweats, and aching joints, espe- 
cially knees and ankles. Tender red spots appeared 
on the palms and soles. 

Physical examination revealed as new findings 
petechiae, embolic nodes of the palms, splinter 
hemorrhages of the nail beds, and clubbed fingers. 
A loud harsh systolic murmur was audible over the 
entire precordium and the second pulmonic sound 
was accentuated. 

Six blood cultures demonstrated a streptococcus 
viridans which was late in growing out and atypical 
in morphology due probably to streptomycin and 
penicillin which had been administered before ad- 
mission to the Osler Medical Clinic. The patient’s 
white blood cell count was 10 to 12,000 and hemato- 
crit 26 per cent. Treatment with penicillin in large 
doses was instituted with seemingly successful 
results. Figure 8C reveals the unusual combination 
of arachnodactyly and digital clubbing. 

On the patient’s twentieth day in the hospital 
premature labor began and an infant weighing 1700 
Gm. was born. The infant, which demonstrated 
pronounced dolichostenomelia, lived only a very 
few minutes. Autopsy in the case of the infant re- 
vealed no cardiovascular lesion and the cause of 
death is not completely clear. 

The patient died of uncontrollable heart failure 
about two weeks after delivery. Figure 8D shows 
the mitral valve with its vegetations in this case. 
No evidence of rheumatism was discovered. The 
media of the aorta was histologically normal. 


Comment. It is, of course, impossible to be 
certain that the patient did not have a 
rheumatic lesion of the mitral valve on which 
her bacterial endocarditis was engrafted. It is 
by no means necessary that such is the case; 
Marfan’s syndrome is adequate basis for all 
the developments in this case. 


DYSRHYTHMIAS AND CoNnpbucTION DEFECTS 


Abnormalities of these types were en- 
countered in a number of the patients of this 
series. Most of these abnormalities were 
probably functional consequences of the 
stresses and strains imposed by the other 
dysfunctions, principally aortic regurgitation 
and interatrial septal defect. Atrial fibrillation 
is known to have occurred at least six times. 
Paroxysmal atrial tachycardia occurred in the 


vase of interatrial septal defect describe | 
above. Delayed atrioventricular conductic , 
occurred in several cases with aortic regurgit: - 
tion as did also left bundle branch bloc} . 
Others have reported bundle 
block®: ®. ® and partial 
block.?: 6. 6 

One patient, now 18 years old, with wi - 
equivocal ocular and skeletal signs of Marfan s 
disease has right bundle branch block as t! 
only cardiovascular abnormality demonstrab 
by extensive studies which included cardi: 
-atheterization. A brother of this patient, wl 
probably suffers from a forme fruste, demo 
strates inverted P waves bespeaking an ectop 
pacemaker. The father, who had _aort 
regurgitation and died suddenly at the age «f 
28 years, had either ectopic pacemaker cr 
prolongation of the P-R interval with supe 
imposition of P waves on T waves. 


brane ) 
atrioventricul: + 


PULMONOCARDIAC FAILURE 


Very pronounced kyphoscoliosis occurs in 
some of these patients, due usually to laxity 
and redundancy of the spinal ligaments but 
occasionally to hemivertebra (figure 7). It is 
remarkable that in no case has this thoracic 
deformity been clearly the cause of even a 
portion of the cardiovascular dysfunction 
observed. Particularly is this surprising in light 
of the fact that these patients seem to be prone 
to repeated pulmonary infection which is 
certainly an important factor in the cor 
pulmonale of kyphoscoliosis. 


Tue Carpiac EFrrects oF Pectus ExcavaTuM 


Very severe pectus excavatum has been 
observed in some cases of Marfan’s syndrome. 
The two types of chest deformity which may 
occur, pigeon breast and pectus excavatum, are 
apparently the result of excessive longitudinal 
growth of the ribs resulting in either projection 
or depression of the sternum. 

Much has been written about cardiac dir- 
ability resulting from  pectus  excav: - 
tum.®: 65. 66. 67 Furthermore, since original! ’ 
proposed by Flesch®® in 1873, excessive long - 
tudinal growth of the ribs has been thought | > 
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» the mechanism in many of the cases. The 
» -reditary nature of the disorder has frequently 

en evident.®: 7°. 71.7 Many of the patients 

ith this chest deformity are described as 
usually tall and thin with spinal curvature. 

1 spite of these facts, it has not been appre- 
‘ated that many of the patients with pectus 
excavatum are victims of a generalized disease 
vhich may have affected the cardiovascular 
s’stem directly. In two surgical reports,” 77 
tiere are three cases of pectus excavatum in 
which follow-up**: 7 has established the diag- 
nosis of Marfan’s disease. At least two other 
possible cases of Marfan’s disease reported in 
the surgical literature as being instances of 
pectus excavatum with secondary cardiac 
e(fects are 1—the six-year-old patient described 
by Lester™ as having ‘‘systolie and diastolic 
murmurs and cardiac incompetence” and 2— 
the patient of Ravitch,” a 23-year-old, 74-inch- 
tall man who had congestive heart failure and 
atrial fibrillation and who was specifically de- 
scribed by his physician as thin, gangly, 
loose-jointed and round-shouldered. 

Without question simple pectus excavatum 
of severe grade can be accompanied by dyspnea, 
pain, and atrial dysrhythmias. It also can 
produce loud systolic murmurs. Whether it 
alone produces congestive heart failure in young 
individuals, requires careful re-examination of 
the patient and the medical status of other 
members of his family. 

Although physical signs are difficult to 
interpret in the presence of pronounced 
thoracic deformity, a basilar diastolic murmur 
must be considered, in the light of our present 
knowledge, an indication of aortic involvement 
and a contraindication to surgery for sternal 
malformation. The Graham-Steell type of 
pulmonary diastolic murmur sometimes heard 
i: kyphoscoliotic heart disease need not be a 
souree of confusion. 

In general, surgical repair of the pectus 

vavatum has been as successful in these 
¢ises as in those without the rest of Marfan’s 
s ndrome. Healing is not impaired, according 
t» the observation of surgeons who repair the 
hernias, close cleft palates or remove ectopic 


lnses in these cases. (See ref. 52 for an ex- 


ception.) However, it is recommended that 
correction of pectus excavatum in Marfan’s 
syndrome be postponed until after puberty 
when rib growth has ceased. 

The following case demonstrates two compli- 
cations of Marfan’s disease. Severe pectus 
excavatum was present and in the period 
following operation for repair of this deformity, 
fatal dissecting aneurysm of the aorta occurred. 
An aortic diastolic murmur had been present 
before operation. Like case W. W. above, 
dilatation of the ascending aorta almost 
certainly preceded the development of the 
dissecting aneurysms. 


K. B.,* a 24 year old white man, was admitted 
to the Medical College of Virginia Hospital after 
a year of increasing dyspnea. Twenty-four days 
before admission he had suddenly become markedly 
dyspneic and had severe palpitation and substernal 
pain. About two weeks before admission he had a 
second episode of pain and palpitation. Following 
the first attack his dyspnea progressed more rapidly 
than before and he also became orthopneic. 

Physical examination revealed a slender, under- 
developed, undernourished man who was dyspneic 
even at rest. There was pronounced pectus excava- 
tum (figure 9). The heart was markedly displaced 
to the left with the point of maximum impulse 
in the midaxillary line and the seventh and eighth 
intercostal spaces. The left anterior chest wall 
heaved with each heart beat. There was a loud 
continuous machinery-like murmur over the base 
of the heart with a systolic thrill. Blood pressure 
was 90/40 in the right arm and 110/32 in the left. 

On Nov. 5, 1949 surgical repair of the pectus 
excavatum was performed.” The patient withstood 
the operation well and remained in a satisfactory 
condition until 48 hours later when he suddenly 
went into circulatory collapse and died in less than 
two hours after developing pronounced distension 
of the cervical veins. 

At autopsy the body measured 72 inches in 
length. The arms and legs were very slender and 
long with poor muscular development. The left 
leg was shorter than the right and showed partial 
club foot. Bilaterally the first and second toes were 
unusually long but the fourth toes shorter than nor- 
mal. There were flexion deformities of the fingers, 
deformed teeth with malocclusion, bifid uvula, and 
lumbar kyphosis. 

The heart weighed 550 Gm. The increase in 


* This patient is included through the courtesy of 
Drs. W. B. Porter and I. A. Bigger. 
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Fic. 9. Demonstration of the pronounced pectus 
excavatum in patient K. B. 


weight and size was the result of left ventricular 
hypertrophy and dilatation. The pericardial sac 
contained 880 cc. of blood. The ascending aorta and 
first portion of the arch were markedly dilated and 
in addition there was a dissecting aneurysm of the 
wall extending from an intimal tear about 3 cm. 
above the aortic ring to the point where there was 
slight coarctation of the aorta between the left 
subclavian and left common carotid ostia. Just 
distal to the left subclavian a second dissection 
began and extended throughout the rest of the aorta 
to involve the first portion of both iliac arteries. A 
small rent on the anterolateral surface of the ascend- 
ing aorta represented the spot where perforation 
into the pericardial sac had occurred. 

Histologically both dissections were endothelial- 
ized and showed some atheroma formation. In 
addition the media showed pronounced changes of 
the types described in other cases of aortic abnor- 
mality in this series, particularly L. K. above. 


OTHER CARDIOVASCULAR ABNORMALITIES 


Except for one report” of dilatation of the 


left external carotid artery (not studied 


anatomically), no evidence of abnormality iy 
peripheral vessels has been discovered. Dis- 
section may extend out from the aorta ai 
appreciable distance into the peripheral arterie ; 
but these have been histologically normal.! 
No pericardial peculiarity such as diverticulur 
or cyst, has been reported. 


COEXISTENT CARDIOVASCULAR LESIONS 


Rheumatic Fever. It was suggested by Futche - 
and Southworth?’ that patients with Marfan 
disease may have more than average suscept - 
bility to rheumatic fever. In addition to the 
vase, at least three patients in this series ha 
illnesses consistent with the diagnosis ¢° 
rheumatic fever. Whether this represents a 
abnormally high incidence is difficult to state. 
Certainly the incidence is not striking. Further- 
more, in no instance has an unmistakable 
rheumatic lesion such as mitral stenosis beei 
found clinically or post mortem in a patient with 
arachnodactyly. 

Syphilis. A reported case*® and at least four 
of my cases have had positive serological tests 
for syphilis. Two of these patients had severe 
aortic regurgitation with death after brief 
illnesses. Autopsy was unfortunately not 
performed. The combination of syphilis and 
Marfan’s syndrome might be expected to have 
dire effects on the aorta. Congenital syphilis 
was present in a recently reported patient with 
aortic dilatation.* 

Hypertension. Two of my patients appear to 
have essential hypertension. Although the 
aorta at their present ages of 27 and 25 years 
shows no abnormality clinically, the hyper- 
tension may place them in additional jeopardy 
from dissecting aneurysm and the other aortic 
complication of their connective tissue disorder. 
A patient with Marfan’s disease and malignant 
hypertension has been described to me by Dr. 
Milton Landowne. 

Pregnancy. There is suggestive evidence that 
dissecting aneurysm of the aorta occurs with 
increased incidence in pregnancy. (In one 
review"! of 49 cases of fatal dissecting aneurysm 
in females under the age of 40 years, about 
one-half were pregnant women.) The mecha 
nism is unknown. A general loosening 0 
connective tissues, apparently on a hormona 
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lasis, is striking in lower animals including 
11onkeys. Some orthopedists have the im- 
j; ression that a similar loosening of articular 
structures occurs in human pregnancy. In 
spite of these theoretical considerations preg- 
1ancy has not been observed to have any ill 
fects on the patients we have followed. But 
tne 23 year old patient with Marfan’s disease, 
1eported by Lindeboom and Bouwer, was 
;regnant when she succumbed to dissecting 
~neurysm.®° 


iN UNUSUALLY SEVERELY AFFECTED FAMILY 


By way of summary, herewith the story of a 
family which was unusually heavily affected by 
the cardiovascular complications of Marfan’s 
syndrome. Figure 10 presents the pedigree of this 
family, affected probably through at least four 
generations. Individual I-1 died suddenly in 1897 
at the age of 47 years, presumably of apoplexy. 
This may have been dissecting aneurysm. The son 
of this man (II-5) died at the age of 27 years after 
a very brief illness of undiagnosed nature. He was 
six feet tall, was always very thin and had been 
sent to Texas at one point for suspected tubercu- 
losis. He became ill at noon one day and was dead 
at 5 a.m. the following day. He was said to have 
had no pain but developed hematuria in the late 
afternoon of the day he became ill. 

Most of the remainder of the story of this family 
is told in the words of individual II-6, an intelli- 
gent observer and cooperative informant. Her hus- 
band (III-5) died in 1945 at the age of 32 years. 
“His heart condition was diagnosed as endocarditis 
hy a heart specialist. He was apparently in good 
health up to two months prior to his death. He was 
( feet 214 inches tall and in the last two years of 
his life he weighed more than ever before—175 
pounds—and appeared to be in excellent health, 
except for his failing eyesight. He was working 
exceptionally hard due to the wartime manpower 
siortage. He was appointed to a job which necessi- 
tuted a great deal of coast-to-coast flying at high 
altitudes. It was on one of these trips that he was 
tiken ill. He returned home, was put to bed and 
g ven medicine to which he responded beautifully. 
Fe insisted on going on another trip and lived one 

onth after his return. He was hospitalized but his 
‘\se was pronounced hopeless. He had a hernia 

eration two years before his death. A routine 
‘ieck-up before the anesthesia showed no heart 
‘ ndition then. 

The daughter of this man (IV-7) “was born 
May 17, 1937. She was always frail. She and her 
L-other had whooping cough when they were 
sx and five years old. Her heart started enlarging 
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Fic. 10. The pedigree of a family in which Mar- 
fan’s disease may have occurred in four successive 
generations with a striking history of aortic complica- 
tions. The squares indicate males and the circles 
females. The inked-in symbols indicate definitely 
affeeted persons. 


at that time. She was extremely nearsighted and 
wore glasses from the age of three years. She had a 
bad spinal curvature that we first noticed when 
she was ten. The family doctor did not advise a 
brace or cast as she was so frail and her heart was 
getting increasingly worse. During her last illness 
which lasted six weeks, the doctor said that her 
heart was just as it would have been in a person in 
his forties who had had rheumatic fever in his youth, 
that her heart was just worn out. She died at the 
age of 1214 years and was 5 feet 2 inches tall in 
spite of a very bad curvature. She had a brilliant 
mind and was at the top of classes in spite of her 
many handicaps. Both of the children were thin to 
the point of looking emaciated.’ 

The brother of this girl (IV-8) ‘‘was born Nov. 
27, 1938. He and Catharine looked like twins and 
were as nearly like their father as was possible. He 
was well as a baby and up to the time that he had 
whooping cough at the age of five. After that long 
siege of coughing, the doctor discovered that he had 
a heart murmur. His heart enlarged so that his 
chest protruded. He complained of chest pain oc- 
casionally. He died suddenly in August 1946. His 
sister said after he died that he had complained of 
severe chest pains a couple of days before but he 
didn’t tell anyone else. He developed hernia when 
he was about two years old but it never seemed to 
bother him. He had a bad case of influenza the 
winter before he died and had a bad cough that 
lingered all winter and we felt hastened his death.” 

At age 7 this patient was 53 inches tall and 
weighed 51 pounds. He showed arachnodactyly, 
hypotonia, hammer toes, thin and translucent skin, 
ectopia lentium, cardiomegaly, dilatation of the 
aorta, aortic systolic and diastolic murmurs, left axis 
deviation (by electrocardiogram), deformity (not 
described in detail) of the hip joints and skull 
(by x-ray examination). The lenses in this case 
were misplaced downward and outward. 
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GENERAL COMMENTS 


It must be emphasized that the principal 
cardiovascular component of Marfan’s syn- 
drome, the abnormality of the aorta, is not in 
the true sense “‘congenital heart disease” or a 
“congenital malformation’. It is comparable 
to the abiotrophies of the neurologists: the 
weakness is present at birth, although perhaps 
not recognizable by ordinary histologic tech- 
nic, it expresses itself only later in extra-uterine 
life, often very late. 

It has been suggested by several writers 
that many cases of so-called Erdheim’s cystic 
medial necrosis with dissecting aneurysm are 
not apparent instances of Marfan’s syndrome. 
Other factors than hypertension must certainly 
play a role in dissecting aneurysm since there 
is a significant proportion of occurrences in 
normotensive individuals. Furthermore, ex- 
perience at this hospital and elsewhere*!: * 
is that 20 to 25 per cent of cases of dissecting 
aneurysm occur in persons under 40 years of 
age. Frei** encountered this lesion in a 14 month 
old individual and in a boy of 10 years. 
Erdheim’s cystic medial necrosis has been 
observed to produce diffuse aortic dilatation in 
a patient who was not noted to have the 
stigmata of Marfan’s syndrome.** It seems 
possible that the morphologic entity which 
Erdheim described may not be a homogeneous 
entity etiologically but may, in individual 
instances, have various pathogeneses, heredi- 
tary and acquired. One of these causes is the 
hereditary connective tissue defect of Marfan’s 
syndrome. The connective tissue defect of 
Ehlers-Danlos syndrome may be a_ second 
hereditary cause (see below). 

Although what element of connective tissue 


is primarily defective in Marfan’s syndrome is 


unknown, there are some reasons to suspect 
that it is the elastic fiber or an element inti- 
mately related to the elastic fiber. From the 
end-stage findings in a case such as that 
illustrated by figure 5 a to d, it is difficult to 
reconstruct the chain of pathogenetic events. 
However, one seemingly plausible reconstruc- 
tion interprets the disruption of the elastic 
lamellae as primary. Then the smooth muscle 


fibers which normally have their origin and 
insertion on the elastic plates collapse together 
and apparently undergo pronounced hyper. 
trophy and hyperplasia, possibly as a com 
pensatory mechanism. The increased vasculari 
zation of the aortic media may be a response t¢ 
these changes in the smooth muscle. 

The production in rats of a somewha: 
analogous, but acquired, syndrome has been o 
great interest for obvious reasons. Kypho 
scoliosis, hernia and either disseeting, diffuse 
or saccular aneurysm of the aorta are pro 
duced by the feeding of a toxic agent containec 
in the seed of Lathyrus odoratus.**: ** Althougt 
there are reasons to believe that the basic 
defects are not identical in these two syn 
dromes, experimental studies such as_ thi: 
may provide a lead on the inborn metabolic 
aberrations which are the basis of the mor 
phologic abnormality of the aorta in Marfan’: 
syndrome and on the acquired aberration in 
the case of “metabolic” dissecting aneurysm 
such as that which may occur during preg 
nancy*! and with hypothyroidism.” 

My data indicate that approximately 15 per 
cent of all cases occur as a result of de novo 
mutation. In the remaining instances, the 
victim was a descendant of such an original 
vase or descended in a line with Marfan’s 
syndrome present in each generation as far 
back as it was possible to trace. Once having 
occurred by mutation in a family line, the 
Marfan trait is inherited as a dominant. 

About 80 per cent of the cases have ectopia 
lentis. When ectopia lentis was absent it was 
frequently difficult to be certain about the 
diagnosis of Marfan’s disease. On the other 
hand, the other stigmata of Marfan’s syndrome 
may be so subtle that for practical purposes it 
is probably safer to consider all cases of ectopia 
lentis potential victims of the aortic complica 
tions here discussed. This is assuming, of course, 
that the ectopia lentis is not clearly part of 
some other syndrome such as that of Weill and 
Marchesani**: *® in which the victim shows 
striking brachymorphism rather than th: 
dolichomorphism of Marfan’s syndrome (fig. 
11). 

In the differential diagnosis of Marfan; 
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Fig. 11 A 


Fic. 11 B 


Fic. 11 A and B. Shown here are father and daughter with the Weill-Marchesani syndrome (ecto- 
pia lentis and brachymorphism). The skeletal manifestations are the antithesis of those of Marfan’s 
syndrome. The daughter has a cleft palate and is mentally defective. No definite cardiovascular 
abnormality has been identified in cases of this syndrome. Compare these father-daughter pictures 


with that in figure 3 A. 


disease the malformations resulting from Rh 
incompatibility and from maternal rubella are 
important. Mother-child blood typing and the 
history may aid in the differential. Given a 
case with skeletal proportions consistent with 
Marfan’s disease and a complication, such as 
aortic regurgitation, which might be on that 
basis, it is virtually impossible to be completely 
certain whether Marfan’s disease is actually 
present unless 1—ectopia lentis, the least 
euivocal component of the syndrome, is also 
esent or 2—unequivocal instances of the 
ndrome are represented by other members of 
e family. In the Negro, in particular, a 
ibitus confusingly suggestive of Marfan’s 
ndrome is frequently met. Some of these are 
forme fruste of the syndrome; most of them 
e merely anthropologic variants. (For ex- 
nple, one famous contemporary Negro 
isketball star has a height of 7515 inches and 


an arm span of 84 to 86 inches.) Eunuchism 
and sickle cell disease are two pathologie 
conditions which are accompanied by skeletal 
changes like those of Marfan’s disease. 
Currently under study are two other 
hereditary disorders of connective tissue in 
which cardiovascular involvement occurs. One, 
pseudoxanthoma elasticum, is clearly a sys- 
temic dystrophy, probably of collagen*® rather 
than elastic fibers, with important generalized 
arterial involvement.*!: ” In the other con- 
dition, Ehlers-Danlos syndrome (hyperelastica 
cutis), the evidence of cardiovascular involve- 
ment is much less conclusive although as- 
sociated congenital malformations of the heart, 
specifically interatrial septal defect* and 
tetralogy of Fallot‘, have been reported in 
individual patients with this last syndrome. I 
have encountered one patient with Ehlers- 
Danlos syndrome who succumbed to dissecting 
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aneurysm of the aorta. In this patient, a 27 
year old white man, dissection began in the 
renal artery producing retroperitoneal hema- 
toma and leading to laparotomy. 


SUMMARIO IN INTERLINGUA 


Del puncto de vista clinic le morbo de 
Marfan se presenta como un abiotrophia de 
alicun elemento del texitos conjunctive. Su 
manifestationes cardiovascular resulta de de- 
fective medios aortic, de defective cuspides 
valvular, de communicationes interatrial, e de 
pectore excavate. Le defecto del medios aortic 
se manifesta per aneurysma dissecante, per 
aneurysma diffuse del aorta ascendente, e per 
un combination de ambes. Nos presenta un 
description de subacute endocarditis bacterial 
in un patiente con morbo de Marfan. De- 
fectos del septo interatrial es minus frequente 
que previemente supponite. Symptomas cardiac 
in sever casos de pectore excavate debe esser 
evalutate in consideration del possibile pre- 
sentia de morbo de Marfan. Nos ha colligite 
datos ab cinquanta familias in qui occurreva al 
minus un caso indubitabile de morbo de 
Marfan. 
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The Treatment of Acute Rheumatic Fever 
in Children 


A Cooperative Clinical Trial of ACTH, Cortisone 
and Aspirin 


A joint report by the Rheumatic Fever Working Party of the Medical Research Council of Great 
Britain and the Subcommittee of Principal Investigators of the American Council on Rheumatic 
Fever and Congenital Heart Disease, American Heart Association.* 


Members of the Rheumatic Fever Working Party 
and United Kingdom participating centers: The 
ite Sir James Spence (Chairman), Royal Victoria 
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TARTING in 1949, encouraging reports 
of ACTH* and cortisone in the treat- 
ment of acute rheumatic fever aroused 

hope that a more effective therapy had at 
last become available. Conclusions of the early 
and uncontrolled studies were, however, some- 
what contradictory, in that some investigators 
reported that the hormones altered the course 
of acute rheumatic fever while others suggested 
that they merely suppressed its clinical mani- 
festations (see bibliographies in Thorn! and 
Massell?). At that time, no data were available 
concerning the prevention of rheumatic heart 
disease by these agents, a question which 
could be answered only by a long follow-up 
study. 

By early 1950, it became evident to both the 
Council on Rheumatic Fever and Congenital 
Heart Disease of the American Heart Associa- 
tion and the Medical Research Council of 
Great Britain that there was a need for a con- 
trolled study of the efficacy of these hormones 
in comparison with the previously accepted 
therapy. It was also clear that no single re- 
search center could provide in a short period 
of time, enough cases to give a definitive 
answer. It was therefore proposed that a group 
of research centers should collaborate. The 
cooperative clinical trials of the streptomycin 
treatment of tuberculosis in Great Britain 
under the Medical Research Council and of 
similar studies in the United States under the 
Veterans Administration pointed the way. 
Planning funds were soon made available. 

There were several advantages in the es- 
tablishment of a cooperative study on an in- 
ternational basis. It was possible that the gen- 
eral availability of ACTH and cortisone in 
the United States might seriously interfere 
with a strictly controlled clinical trial. Large 
numbers of cases would be collected rapidly. 
Much needed information on the natural 
history of the disease in two different parts 
of the world would be made available. 

The Committee on Criteria and Standards 
of the Council on Rheumatic Fever and Con- 
genital Heart Disease, together with a group 
of American and Canadian rheumatic fever 


* Throughout this paper, ACTH will be used to 


indicate corticotropin, N.N.R. 


research workers, set up a subcommittee cf 
principal investigators for American planning; . 
It also established liaison with the Workin : 
Party on Rheumatic Fever of the Medic:! 
Research Council of Great Britain. Join 

planning of the United Kingdom-Unite 

States Cooperative Rheumatic Fever Stud 

was begun and the design of the study con 

pleted in a six month period. 

The trial was designed to compare the ther: 
peutic effects of the hormones, ACTH an: 
cortisone, with the usual treatment of rhev 
matic fever at the time, viz., aspirin, all pa 
tients tc be treated in hospital or bed rest an 
protected against beta hemolytic streptococc: 
infection. Within the limitations imposed _ b- 
the design of the study, answers were sough 
to two questions: 

1.—What is the relative effectiveness of eacl 
of these hormones and of aspirin in altering; 
the course of the acute disease or in suppres- 
sing its clinical manifestations? 

2.—What is the relative effectiveness of these 
three agents in preventing rheumatic heart 
disease? 

Information was also collected on the side 
effects of the two hormones and of aspirin. 

The design created and agreed upon by the 
principal investigators in both countries, in 
cooperation with the coordinating staff and 
statistical consultants, provided for diagnostic 
criteria, random allocation of patients to 
treatment groups, a uniform six-week thera- 
peutic regimen and a fixed time pattern for 
observation and follow-up. It prescribed the 
type and frequency of clinical and laboratory 
observations during hospital stay and follow-up 
period and required reporting on specially 
prepared forms (Appendix) to the coordinating 
centers in London and New York City. 

This report compares the effects of the three 
drugs—ACTH, cortisone and aspirin—on the 
acute course of rheumatic fever in children 
under the age of 16, through 13 weeks from 
the start of treatment, and on the persistenc: 
and development of rheumatic heart diseas” 
through one year.* Subsequent reports wil 


* The one year follow-up data represent observ: 
tions made at a calendar year from the end of th: 
nine-week period of treatment and observation (¢ 
weeks from the start of therapy). 
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i clude a similar analysis of adult patients 

:ad, after longer follow-up, of the relative 

‘ Tectiveness of the three drugs in the preven- 
on of rheumatic heart disease. These exten- 
ve data should also provide much informa- 
on on the natural history of the disease. 


Dr1aGNostic CRITERIA FOR ADMISSION 
OF A PATIENT TO THE STUDY 


To insure, as far as possible, that in all centers 
satients admitted to the trial were unquestionable 
ases of rheumatic fever, and of no other illness, 
t was necessary to specify precise diagnostic criteria. 
‘ince there are no specific diagnostic clinical symp- 
oms or signs or laboratory tests, such criteria must 
e arbitrary. The criteria had to be broad enough not 
to exclude many genuine early cases, and yet suffi- 
ciently rigid that there should be, among competent 
clinicians, no reasonable doubt regarding the diag- 
nosis. 

The diagnostic criteria were based on those of 
T. Duckett Jones,’ modified for the purposes of 
this study with his advice and assistance.* They 
divide the manifestations of rheumatic fever into 
two groups, major and minor. There were five major 
manifestations, defined as follows: 


Major Manifestations 


1. CARDITIS as shown by any one of the fol- 
lowing: 

(a) Development of an organic apical systolic 
murmur or an aortic diastolic murmur 
under acceptable observation.t 

(b) Change of heart size of more than 15 per 
cent on standard x-ray film by any standard 
method of measurement. 

(c) Pericarditis revealed by a definite friction 

rub or by pericardial effusion. 
Congestive failure, in a patient under 25 
years and in the absence of other causes, 
and shown by one or more of the following: 
(1) dyspnea, (2) orthopnea, (3) enlargement 
of the liver, (4) basal pulmonary rales, (5) 
increased jugular venous pressure or (6) 
edema. 

In the assessment of carditis as a criterion for 

entry to the trial, it was assumed in patients 

with no known pre-existing rheumatic heart 


* These modified criteria are not necessarily ap- 
jlicable for general use by the practicing physician, 
particularly in questionable cases where continued 
»bservation of patients may be necessary for defin- 
tive diagnosis. 

+ The development of an apical mid-diastolic 
nurmur was also used for the diagnosis of carditis in 
U. K. centers, but there was only one case in which 
the diagnosis of carditis rested solely on this murmur, 
ind this case was eligible under other criteria. 


disease or history of an attack of acute rheu- 
matic fever, that previous to the current 
illness the patient’s heart was of normal size 
and that there were no rheumatic murmurs. 
In other patients, observations of changes in 
heart size and murmurs were used in deter- 
mining carditis, and recorded. 


. POLYARTHRITIS as shown by pain and 
either limitation of active motion or tenderness, 
in two or more joints. 

. CHOREA with movements of at least moderate 
severity. 

. SUBCUTANEOUS NODULES. 

. ERYTHEMA MARGINATUM (or AN- 
NULARE). 


The minor manifestations also numbered five 
and were as follows: 


Minor Manifestations 


1. FEVER defined as any temperature above 99.3 
F. (37.4 C.) by mouth or 100.3 F. (38 C.) rectally, 
occurring at least twice in one period of 24 hours, or 
above 100.3 F. (88 C.) by mouth or 101.3 F. (38.5 C.) 
rectally, observed on any one occasion. 

2. ELEVATED SEDIMENTATION RATE 
defined as 15 mm. in 1 hour or above (Wintrobe, 
corrected by the Whitby and Hines chart to a hema- 
tocrit of 45 per cent). 

3. EVIDENCE OF PREVIOUS STREPTO- 
COCCAL INFECTION as shown by a culture in 
which beta hemolytic streptococcus predominated, or 
by an antistreptolysin 0 titer of 200 units or greater, 
or by a reliable history of sore throat with fever pre- 
ceding the onset of illness by an “interval of one week 
to one month. 

4. AN INCREASED P-R INTERVAL defined 
as a value at least 0.04 second beyond those given in 
the Ashman-Hull! tables for ages under 16. 

5. A RELIABLE HISTORY OF RHEUMATIC 
FEVER as defined in these criteria or EVIDENCE 
OF PRE-EXISTING RHEUMATIC HEART 
DISEASE (viz., an apical organic systolic murmur, 
an apical diastolic or a basal diastolic murmur). 

These criteria having been specified, it was ruled 
that to be admitted to the study, the patient must 
(a) at some time during the illness which brought 
him to the center, have exhibited at least two major 
manifestations or one major and two minor mani- 
festations, and (b) on the first day of the allotted 
therapy, show evidence of any one major mani- 
festation or of any two of the three following minor 
manifestations: fever, elevated sedimentation rate, 
increased P-R interval. 

It was arbitrarily decided that an interval of at 
least three months with no rheumatic activity must 
have preceded the present illness to justify its being 
called a new attack. With any shorter interval of 
time between the present and a previous illness, 
the present illness was held to be an exacerbation of 
symptoms of the previous attack and not a new 
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attack. In such instances, the date of onset was 
referred back to the beginning of the illness.* 

Patients who had had previous hormone therapy 
were excluded from the trial (a single test dose 
previously administered was not regarded as ther- 
apy). If a patient was receiving salicylate therapy, 
that treatment was discontinued upon admission 
to the hospital before the patient was considered for 
inclusion. If such a patient subsequently satisfied 
the criteria, he was eligible and admitted in the 
ordinary way. 


TREATMENT PLAN 
Dosage Schedules 


The dosage schedules of ACTH, cortisone and 
aspirin were based (in 1950) on published studies, 
modified by reports from investigators to Armour 
Laboratories and Merck and Company. From such 
information, a dosage was selected to be effective 
for a period of administration short enough to 
indicate whether the acute attack had been differ- 
entially shortened by any one of the three drugs. 
Provision was made for decreasing the dosage if 
toxic manifestations appeared and for “tapering 
off” so that cessation of therapy would not be 
abrupt. 

While the same hormone dosage was used for all 
patients, the dosage schedule of aspirin was calcu- 
lated on the basis of body weight. Cortisone and 
ACTH were administered intramuscularly, while 
aspirin was given by mouth. 

The dosage schedules were: 

ACTH.+ All cases U. K. and eight cases U. 8.:t 
a total daily dosage of 80 USP units for the first 
four days, 60 units for the next three days, 40 units 
for the second and third weeks, 30 units for the 
fourth and fifth weeks and 20 units for the sixth 
week, administered every six hours. 

All but eight cases U. S.: a total daily dosage of 
120 USP units for the first four days, 100 units for 
the next three days, 80 units for the second week, 
60 units for the third week, 40 units for the fourth 





* “Onset’’? was defined as the date of the first 
observation of any major manifestation or any 
minor manifestation that appeared to be related in a 
continuous time sequence to the development of any 
major manifestation. 

+ ACTH donated by Armour Laboratories was in 
three lots of water-soluble material standardized on 
both animals and human beings. All the U. K. cases 
were treated with one lot (K-50601R), while most of 
the U. S. cases received a second lot (J-24109R), 
although a few were treated with a third lot (L-56702). 
The USP unit is expressed as a milligram equivalent 
of ACTH lot number LA-IA. 

t One Canadian center took part in the trial, but 
for easy reference, the term “‘U.8.”’ is used to include 
all North American centers. 


and fifth weeks, 20 units for the sixth week, ad 
ministered every six hours. 

The ACTH dosage in the U. 8. was increase 
early in the study, because with the relatively pox 
methods ay..ilable for lot standardization and th 
lack of dramatic response in the first few case 
treated, it was held possible that optimum dosag 
was not being administered. In regard to the ques 
tion of “adequacy” of hormone dosage, it is « 
interest that practically all cases receiving ACTI 
or cortisone had side effects, the details of whic! 
are presented later. 

Cortisone.* A total daily dosage of 300 mg. fo 
the first day, 200 mg. for the next four days, 10 
mg. for the remainder of the first three weeks, 7 
mg. for the fourth and fifth weeks, 50 mg. for th 
sixth week. 

In the few cases where the hormone dosage wa 
reduced because of undesirable side effects, th 
percentage stepwise reduction in dosage thereafte 
remained unchanged. 

Aspirin (acetylsalicylic acid, USP or BP, 0. 
Gm. (5 grain) tablets). A total daily dosage of 60 mg 
(1 grain) per pound of body weight or 10 Gm. (15: 
grains) total dosage, whichever was less, for th: 
first two days, 40 mg. (2g grain) per pound, or I( 
Gm. (150 grains), whichever was less, for the next 
five days, 30 mg. ('¢ grain) per pound for the re 
mainder of the six weeks. (Administered every fou: 
hours for 48 hours, every six hours thereafter.) 
Aspirin was administered without bicarbonate of 
soda. 

Patients unable to tolerate aspirin in the scheduled 
dosage received the largest amounts that they could 
tolerate as determined by the investigator. This 
occurred mainly in the older patients where the 
body weight dosage produced side effects. Con 
versely, because of the weight dosage formula, 
small children did not receive aspirin up to the 
limit of tolerance.t 

During the three week observation period follow 
ing the six week course of therapy, none of these 
drugs was administered unless the investigator 
believed that the patient’s condition was so poor 
as to endanger life or the polyarthritis so painful 
that it could not otherwise be controlled. In such 
cases, retreatment was given for a period of four 
weeks, using the same drug and dosage as in the 


* Cortisone donated by Merck and Company was 
the regular commercial preparation for intramuscula? 
use, namely the acetate of 17-hydroxy-11-dehydro 
corticosterone, suspended in a vehicle consisting o! 
sodium carboxymethyl! cellulose, Tween 80, and 1./ 
percent benzyl alcohol in isotonic saline. 

+ Salicylate blood levels determined in two U. § 
centers showed a positive correlation with bod) 
weight; lower blood levels found in one U. K. cente 
revealed no such relationship. 
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{ st four weeks of initial therapy; it was followed 
| - a three week observation period as before. 

If retreatment was necessary at any time during 
t e three months following the original course of 
t.erapy, then the above four week retreatment 
: heme was followed. No patient was retreated 
aless he demonstrated rheumatic activity sufficient 
{» have brought him into the study initially. 

If, after three months without activity, the pa- 
i ent developed a new attack of rheumatic fever, 
|e was treated as in the original course, i.e., for 
: x weeks on the same drug and dosage, followed by 

three week period of observation. 


Auxtliary Therapy 


Sodium and Potassium Intake. To minimize salt 
:etention in hormone treated patients, and to 
maintain comparability among the three treatment 
eroups, the dietary intake of sodium was restricted 
to less than 2 Gm. per day for all patients for at 
least four weeks. All patients received added potas- 
sium chloride by mouth daily, 2 Gm. for those 
weighing less than 60 pounds and 3 Gm. for those 
60 pounds or more, except that those few who 
developed oliguria due to congestive failure received 
no added potassium. Serum potassium levels were 
estimated weekly. 

Streptococcal Prophylaxis. Every effort was made 
through streptococcal prophylaxis to prevent re- 
current attacks of rheumatic fever which would 
introduce an additional variable in the study. All 
patients, upon admission to the study and on the 
fourth, seventh and tenth day of treatment, received 
procaine penicillin G in aluminum monostearate 
intramuscularly, 300,000 units for those weighing 
less than 60 pounds, 600,000 units for those weighing 
60 pounds or more.* On the fourteenth day after 
udmission to the study, and continuously thereafter, 
sulfadiazine was administered in a dose of 0.5 Gm. 
per day to those weighing less than 60 pounds and 
! Gm. per day to those weighing 60 pounds or more. 
(In a few patients, oral penicillin in a dose of 100,000 
units, twice a day, was substituted when sensitivity 
to sulfadiazine developed.) Sera were drawn for 
determination of antistreptolysin-O titers’ at 
weeks 0, 5, 9 and 13, and at each follow-up exami- 
ration, to detect intercurrent streptococcal infec- 
t on. 

In addition to this routine, throat cultures were 
iiade on all patients on admission to the hospital, 
‘nd thereafter whenever there was indication of a 

iroat infection. Those with positive cultures re- 
ceived penicillin therapy, as prescribed by the in- 
estigator. 

Other Therapy. All but a few patients were kept 
t bed rest for the nine weeks of therapy and ob- 
ervation. In a few cases of chorea, sedatives were 


* At the House of the Good Samaritan, Boston, 
variable dosage schedule was used. 


necessary. No antirheumatic drugs other than those 
allocated for the study were given. Therapy neces- 
sary for any complicating illness was recorded. 


THE ALLOCATION OF PATIENTS TO 
TREATMENT 


Patients on admission to the study were divided 
into two age groups, 0 to 15 years and 16 and over, 
and into three groups according to the length of 
time in each case between the date of onset of the 
attack and the date at which therapy began. The 
three duration-from-onset groups were (1) 14 days 
or less; (2) 15 to 42 days; (3) 43 days and over. 

For each of these three duration groups, within 
each age group, and separately for each treatment 
center, the three treatments, ACTH, cortisone and 
aspirin, were listed in random order for as many 
patients as were likely to be admitted, using random 
sampling numbers and keeping the numbers of 
patients on the three treatments approximately 
equal in each center. The coordinating center in 
each country issued serially numbered and sealed 
envelopes to the treatment centers. Thus, on admis- 
sion of a patient of given age and specified duration- 
from-onset group, the investigator at the treatment 
center had merely to open the next available enve- 
lope for that particular group to find a statement of 
the treatment to be applied. He was, therefore, 
unable to predict the treatment for his next case. 
The allocation was both “blind” and random.* 

The admission report on the patient, and the 
assignment envelope, were then sent to the co- 
ordinating center. If, for any special reason, the 
investigator decided in advance that a patient ful- 
filling the criteria should not be admitted to the 
study, no envelope was opened. In every such case, 
however, an admission report was required, to- 
gether with an explanation as to why the patient 
had not been admitted. Six such cases were reported 
in the U. S.; none in the U. K.+ 





* In a few centers, for varying durations of time, 
the investigators wished to withhold some patients 
for other studies. In these instances a predetermined 
proportion of the envelopes contained, as an instruc- 
tion, “free case.’’ Such exclusions, therefore, were 
also “‘blind’”’ and randomly determined and could not 
bias the group brought into the study. 

+ These six cases were: one, with schizoid per- 
sonality, considered unsuitable for the trial; one, 
excluded because his private physician insisted upon 
cortisone therapy; and four severe cases excluded in 
one center under provision of the protocol (viz., ‘If 
in the opinion of the principal investigator, the 
patient is severely ill to the point where his life is 
in danger, that patient may be removed from any 
group and given therapy at the discretion of the in- 
vestigator.””) These four cases were treated with 
ACTH as follows: (1) a 12 year old boy in a sixth 
attack with acute carditis, mitral insufficiency and 
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TaBLeE 1.—Details of 15 Cases Admitted to the Study in Which the Treatment and Observation Schedule Was N« 
Followed, with Reference to Their Inclusion or Exclusion from the Analysis 


Treatment Treatment Stopped 


Treatment Changed 
Group (5 cases) 


(5 cases) 


Retreatment 
(4 cases) 


Treatment Incomplete 
(1 case) 


ACTH (4 (1) U.S. Gastrie 
cases) hemorrhage 6th day. 
Excluded 
(2) U.S. Renal hemor- 
rhage 21st day. In- 
cluded. 
(3) U. S. Toxicity* 
27th day. Included. 
(4) U. K. Toxicityt 
32nd day. Included. 
Cortisone (11) U. S. Retreated | (15) U.S. Patient lef 
(3 cases) 48th day. Included. 
(12) U. S. Retreated 
50th day. Included. 
Aspirin (8 (5) U. S. Discharged | (6) U. S. In failure. | (13) U. S. Retreated 
from hospital 41st Changed to ACTH 8th 45th day. Included. 
day.§ Included. day. Excluded. (14) U. S. Retreated. 
(7) U. S. Carditis and 58th day. Included. 
failure. Changed to 
ACTH 28th day. In- 
cluded under aspirin. 
(8) U.S. Carditis. Chang- 
ed to ACTH 28th day. 
Included under aspirin 
(9) U. SS. Carditis. 
Changed to cortisone 
50th day. Included un- 
der aspirin. 
(10) U. K. Pericarditis 
and failure. Changed to 
cortisone 5lst day. In- 
cluded under aspirin. 


hospital 12th day. 
Excluded. 


cases ) 


* Unusually rapid weight gain and enlargement of liver not responding to mercurial diuretics. 
+ Too rapid development of moonface. 
t Family moved to another city. 


+ 
§ Child was an unmanageable behavior problem. 


THe Stupy SAMPLE between Jan. 15, 1951 and June 15, 1952. Four of 
these cases were subsequently excluded when their 
illness proved to be a disease other than rheumatic 
fever. These were a case on cortisone (U. K.) of 
Henoch-Schonlein purpura, a case on aspirin (U. K.) 
of tuberculous meningitis, a case on ACTH (U. 8.) 
of lupus erythematosus disseminatus, and a case on 
ACTH (U. 8.) of salmonella infection. In another 
vase on ACTH (U. 8.) there was x-ray evidence of 
tuberculous infection superimposed upon the 
rheumatic fever, and hormone treatment was there- 
fore withheld. These five exclusions present no 
problem. 


In all, 505 children under 16 years of age were 
admitted to the study, 242 in the U. K. between 
March 2, 1951 and Oct. 6, 1952, and 263 in the U.S. 


congestive failure, made a smooth recovery without 
residual heart disease; (2) a nine year old girl in a 
second attack with residual heart disease, mitral 
insufficiency and congestive failure made a gradual 
but unremarkable recovery; (3) a 12 year old girl in 
a second attack, with residual heart disease, acute 
carditis, mitral insufficiency and congestive failure, 
made, after a stormy course, a slow recovery with 


persistence of chronic heart disease with increasing 
cardiac enlargement; and (4) a nine year old boy in a 
first attack with mitral insufficiency, pericarditis 
and congestive failure, died after seven days of 
treatment. 


In the remaining 500 patients (240 U. K., 260 
U. 8.), there was only the small number of 15, or 
3.0 per cent, in whom the prescribed treatment and 
observation schedule was not fully carried out (2 
U. K., 13 U. S.). Table 1 shows their nature and 
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1e action taken with regard to them. Only three 
Cases 1, 6 and 15) have been wholly excluded from 
he statistical analysis of the trial, since their treat- 
1ent with the allotted drug was very brief (6, 8 
nd 12 days). All other cases had been treated for 
hree weeks or longer. Three of them (cases 2, 3 
nd 4) fall within the original provision for a reduc- 
ion of dosage when essential, and four (cases 11, 
2, 13 and 14) within the provisions for retreatment 
n active cases. Such patients, together with one 
case 5) that left the hospital after the six weeks of 
herapy, can be included under the allotted therapy 
vithout any difficulty. 

There remain four aspirin cases in which on 
iccount of the severity of the illness, the investi- 
sator administered hormone treatment. In two 
cases 7 and 8), a change to ACTH was made during 
he treatment period (on the twenty-eighth day); 
n two, treatment with cortisone was instituted 
luring the observation period (on the fiftieth and 
fifty-first days), after completion of the aspirin 
treatment. It was thought better to continue these 
cases in the aspirin group in spite of the change of 
treatment since the exclusion of these four cases 
from the analysis at these points of time would 
make the picture of the aspirin group somewhat too 
favorable, since severely ill cases were being arti- 
ficially removed from it. 

Altogether, it is clear that these three exclusions, 
four changes of the allotted treatment and eight 
variations of the treatment schedule can have had 
no appreciable effect upon the results of the trial. 

Two U.S. and four U. K. patients died during 
the first year and are included in the analysis. 

Taken as a whole, the 497 cases under age 16 
show the following features. There were altogether, 
14 cases [3 per cent] aged 3 or 4 years, 200 [40 per 
cent] aged 5 to 9 years and 283 [57 per cent] aged 
10 to 15 years. In just over one-half (255), the 
allotted therapy was begun within 14 days of the 
onset of the attack and a more detailed analysis 
hows that 149 or 60 per cent of these “early”’ cases 
were treated within one week of onset. In nearly 
wo-thirds (327 cases) there was neither history of 
2 previous attack of rheumatic fever nor evidence 
of pre-existing rheumatic heart disease. Only 128, or 
“pproximately one-fourth, of the 497 cases were in 
ict. definitely diagnosed as having pre-existing 
heumatic heart disease at the start of therapy. 
litral stenosis as shown by an apical presystolic 
1urmur was reported in only 16 cases. In general, 
herefore, the group contained a large proportion 
f cases still in the early stages of the disease. 


THE COMPARABILITY OF THE TREATMENT 
GROUPS AT THE START OF THERAPY 
The method of allocation insured that in each 
reatment group there was approximately the same 
1umber of cases with regard to the duration from 
mset of attack to start of therapy. Thus, there were 
m ACTH, cortisone and aspirin, respectively, 86, 


TABLE 2.—Comparison of Treatment Groups at Start 
of Therapy: Duration of Illness from Onset, Sex, Mean 
Age and Mean Weight 


ommaien 
rom Onset 
Treatment eee aoe | ite 
Group bof (years) | (pounds) 
= 
» 
U.K. 
ACTH 9} 27 40} 40} 10. 
Cortisone... 25 34) 46 
Aspirin..... 27 40} 40) 


Total 9| 79 
US. 
ACTH ‘ 51) 31 
Cortisone...| § 
Aspirin..... | i 49} 39 


114/126 





Total 
U.K. & U.S. 
ACTH 162 | 86 9] 91) 71 
Cortisone...| 167 | 85) 45| 37] 79) 88 
Aspirin 168 | 84 38} 89) 79 


Total 497 1255 138 sone 238 


85 and 84 “early” cases (0 to 14 days); 47, 45 and 
46 “medium” cases (15 to 42 days); and 29, 37 and 
38 “late” cases (43 days or more) (table 2). The 
average age and mean body weight in the three 
treatment groups were almost identical and the 
sex distribution was reasonably alike. In general, 
it is clear that the balance produced by the design 
of the study permits amalgamation of the duration- 
from-onset groups and of the data for the two 
countries. 

Clinical features of the three treatment groups 
at the start of therapy are compared in table 3. 
With regard to the first item, temperature, it should 
be noted that oral temperatures were taken in the 
U. K. (except at one center) and rectal tempera- 
tures in the U. S. (except at one center). An arbi- 
trary correction of each oral reading was made by 
the addition of 1 F., and the tabulations are of the 
maximum “rectal temperature” recorded on each 
day. As the distribution of patients in each center 
was evenly divided among the three treatment 
groups, the comparison between treatments should 
not be biased, even though the arbitrary tempera- 
ture correction may be imperfect. It will be seen 
that at the start of therapy. there was a larger 
proportion of U. S. cases (57.6 per cent) with a 
rectal temperature of 100.4 F. or above, than of 
U. K. cases (45.4 per cent). This difference may be 
real but it is possible that the addition of 1 F. to 
the oral temperature may rot make the latter en- 
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TABLE 3.—Comparison of Treatment Groups at Start 
of Therapy: Percentage with Specified Symptoms 


Treatment Group 
ES —| Total 
ACTH Corti- | Aspi- 


sone rin 
Number of cases . x. 80 80 80 
I.8 82 87 88 
162 167 168 
Temperature 100.4 F. 7. &. 47.£ 51.2 37. 
or more (rectal) J. 8. 59.8 70. 43.2 
53. 61. 40. 
Pulse during sleep 100 | U. K. 41. 33.% 34.6 
or more per minute oa 29.2 
35.8 34.6 30.6 


ESR 20 mm or more J. K. 87.! 86. 88.8 
in 1 hr. ; 
91.§ ; 91. 
Joint involvement Nii 33.8 : 
IS 43.9 od 47. 
38.¢ 
Subcutaneous SS 22.5 


nodules J. 8. 9.8 


Chorea 


Erythema margina- 
tum 


Pre-existing rheu- 
matic heart disease 


Pericarditis 
Congestive failure 


Cardiothoracic ratio 
of 0.55 or more 


Atrioventricular con- 
duction time of 0.18 
sec. or more 


No organic murmur 


Apical systolic mur- 
mur 


Apical mid-diastolic 
murmur 


Basal diastolic mur- 
mur 


Apical presystolic 
murmur 


tirely equivalent to the rectal temperatures taker 
in the U.S. 

The proportion of cases initially febrile (those 
with a temperature of 100.4 F or greater) among the 
three treatment groups is dependent upon whethe: 
comparison is made on the first day of treatment o: 
on the day before treatment was begun. On the first 
day of treatment, there was a smaller proportion o: 
vases febrile in the aspirin group (40.5 per cent 
than in the cortisone (61.1 per cent) or the ACTH 
(53.7 per cent) groups. These differences were in 
part due to the more immediate antipyretic effect 
of aspirin in comparison with ACTH and the slowly 
absorbed intramuscular cortisone. This is borne out 
by the proportions of cases febrile on the day befor 
therapy was started in the ACTH (61.7 per cent) 
cortisone (58.1 per cent) and aspirin (53.0 per cent 
groups. 

The pulse during sleep and the erythrocyte sedi 
mentation rates reveal no material difference (table 
3). Their mean values also showed no real differences, 
the average pulse during sleep being 93, 93 and 90 
and the average sedimentation rate 46.7, 46.2 and 
45.1, for the ACTH, cortisone and aspirin groups, 
respectively. 

Within each country, the treatment groups do not 
differ appreciably in their incidence of joint in- 
volvement, subcutaneous nodules and erythema 
marginatum, but there appears to be some difference 
in these respects between the two countries. The 
proportion of cases showing these signs (table 3) 
were: joint involvement U. K. 36.7 per cent, U.S 
49.4 per cent; subcutaneous nodules U. K. 21.7 per 
cent, U.S. 7.4 per cent; erythema marginatum U. K. 
7.9 per cent, U. S. 3.9 per cent. The last difference 
might well be due to chance but the first two (joint 
involvement and subcutaneous nodules) are sta- 
tistically significant (p < 0.05). On the other hand, 
subdivision of these cases into early, medium or late 
(tables 10 and 15) suggests that there is no real 
difference between the two countries in the incidence 
of joint involvement. Nodules were observed more 
frequently in the U. K. at each stage, and particu- 
larly in the late cases. 

Returning to table 3, chorea was recorded more 
frequently in the U. K.; in both countries chance 
factors brought fewer cases into the ACTH group 
and more into the aspirin. Thus, in the total group 
of 162 on ACTH, 167 on cortisone and 168 on as 
pirin, there were 9, 19 and 26 cases with chorea as a 
presenting symptom. Severe cases, however, num- 
bered only four, two and five. 

For a general picture of the status of the heart 
at the start of therapy, the 497 cases have been 
divided (table 4) into groups depending on the pres 
ence or absence of pre-existing rheumatic heart dis 
ease and carditis (as defined in the diagnostic 
criteria). Groups A and B contain all the cases with 
out evidence of pre-existing heart disease at the tim: 
of admission. Group A includes: (1) cases with ni 
varditis; (2) cases with murmurs of questionabl 
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gnificance (doubtful carditis); (3) cases with no, or 
oubtful, carditis but with a prolonged P-R interval. 
‘roup B includes cases with definite carditis at the 
art of therapy. Within both these groups, the 
umber of cases with a definite previous history of 
1eumatié fever was negligible. Group C contains all 
10se with definite or doubtful pre-existing rheumatic 
eart disease, whether or not carditis was also pres- 
nt. Both groups B and C are further subdivided 
ito (1) cases with, and (2) cases without, pericarditis 
nd/or failure at the start of therapy. 

Table 4 shows that the cases analyzed in this way 
iave in general fallen equally into the three treat- 
nent groups. The main departure lies in a somewhat 
ower number of cases on ACTH in group B (no 
yre-existing heart disease, carditis present at start 
if treatment). In the less important C group, in 
which the course of the disease is difficult to analyze 
vecause of pre-existing rheumatic heart disease, 
here is some predominance of cases with pericarditis 

and/or failure in the ACTH group. 

Returning to the incidence of the individual 
signs of involvement of the heart at start of therapy, 
table 3 shows, for ACTH, cortisone and aspirin, 
respectively, no appreciable differences for apical 
systolic murmurs (72.2 per cent, 70.7 per cent and 
66.1 per cent), basal diastolic murmurs (25.3 per 
cent, 23.4 per cent and 22.0 per cent) and the pro- 
portion of cases with atrioventricular conduction 
time of 0.18 second or more (33.3 per cent, 34.4 per 
cent and 28.3 per cent). The proportion with a 
cardiothoracic ratio of 0.55 or more was not equal, 
there being a smaller proportion in the aspirin group 
(22.0 per cent, 18.5 per cent and 11.8 per cent), 
but as will be seen in the section on heart size 
(table 20), this is largely due to the unequal dis- 
tribution of cases with pre-existing heart disease 
(group C). There was also a somewhat larger number 
of cases in failure at the start of therapy in the 
\CTH group, compared with the cortisone and 
aspirin groups (14.2 per cent, 9.0 per cent and 6.0 
per cent). 

Between the two countries, the individual signs 
of cardiac involvement were equally reported except 
‘or basa] diastolic murmurs. These were more often 
eported in the U. K. (35.8 per cent) than in the 
‘7, 8. (12.1 per cent), but this difference came from 
one U. K. center only. Ninety-three of the 240 U. K. 
cases came from this center, where the incidence of 
vasal diastolic murmurs was 73.1 per cent. In the re- 

iainder of the U. K. centers, the incidence was 
2.2 per cent. 

In short, these comparisons show that in many 
espects the three treatment groups were very simi- 
ir, viz., in the duration-from-onset, age, sex, body 
veight, temperature, pulse during sleep, erythrocyte 
edimentation rate, frequency of polyarthritis, 
ubeutaneous nodules, erythema marginatum, and 
n the P-R interval. There are, however, a few 
lifferences. The group on aspirin included an undue 
yroportion with chorea as a presenting symptom, 


TABLE 4.—Condition of the Heart at Start of Ther- 
apy, by Duration from Onset. U. K. and U. S., All 
Cases 


Duration from 


~ ° : Ons 
Cardiac Group and Treatment — 


Group Total 3 
0-14 .| 15-42) 43+ 
days | days | days 


Cardiac group A—no or questionable carditis;* no 
pre-existing heart disease 
30 6 
39 29 6 
38 26 


Total group A........... 117 85 


Cardiac group B—carditis present; no pre-existing 
heart disease 
74 34 | 29 | 11 
Cortisone. . 89 38 | 29 | 22 
Aspirin ¢ 44 | 24 | 21 
Total group B : 82 | 54 


Cardiae group C—with definite or questionable pre- 
existing heart disease 

22 | 12 | 14 

18 | 10 | 11 
4| 12) 15 


Total group C y 34 | 40 


Cases with failure and/or pericarditis included in 
cardiac group B 

ACTH a 3 

Cortisone. . 4 

Aspirin 3 

Total 37 14 | 13 10 


Cases with failure and/or pericarditis included in 
cardiae group C 

Poe o5 5 

Cortisone. . 

Aspirin 





«| 2 


* Questionable carditis includes 8 ACTH, 6 corti- 
sone and 7 aspirin cases with a grade P murmur and 
13 ACTH, 12 cortisone and 10 aspirin cases with a 
prolonged P-R interval and either no murmur or 
grade P murmur (see Murmur footnote, page 360). 


although the few severe cases of chorea fell fairly 
equally in the three treatment groups. The ACTH 
group contained a larger proportion of cases with 
pericarditis and/or failure (particularly in the U. S.) 
and the aspirin group contained rather fewer (par- 
ticularly in the U. K.). These differences are not 
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large but must be borne in mind in the study of the 
response of the illness to the different treatments. 


RESULTS 


The course of rheumatic fever was followed 
in each case after admission to the study during 
the six-week period of treatment, three-week 
period of observation, at monthly intervals 
for six months following the end of the observa- 
tion period and at two-month intervals until the 
end of the first year (quarterly thereafter). 
This report includes an analysis of each symp- 


TaBLE 5.—Temperature: Percentage of Cases with 
a Rectal Temperature of 100.4 F or Above at Specified 
Times.* U. K. and U.S., All Cases 


| 
_| Start 
Treatment 2| of 
Group | Ther- }_ — : 5 
wr ii |2 3|4|s|6 7|8|9 
I 


Week of 


Week of Therapy Dacconttan 


All cases 


162 53.7 | 5.8 6.0 6.6) 8.9.5.8 13.4119.3) 9.7, 9. 
Cortisone 167 61.1] 6.8 5.2) 6.8 7.06.4) 4.8118.2 19.1)12.: 
Aspirin 168 40.5 | 9.710.3 11.3) 9.1.8.9 12.8117.0,11.9) 9. 


Febrile cases at start of treatment 


ACTH 87 | 100.0] 5.8 7.7 6.9,10.0.6.5 14.1]21.8) 9.6) 6.7 


7 
Cortisone 102 100.0 | 6.5 6.2, 7.0 7.65.6) 4.3]20.6 20.9 12.0 
Aspirin 68 | 100.0 $12.7 15.7, 16.7,14.3,8.3)13.7]20.2)13.6)12.5 


Afebrile cases at start of treatment 
ACTH 0.0 8) 4. -2) 7.64.91 
Cortisone 0.0 -3| 3.6) 6.7| 6.2/7.7 
Aspirin 100 0.0 : . 7| 5. 


2.5116.4) 9.9)12.9 
2)7.7, 5.6)14.5 16.412.5 
9.4,12.1}14.9 10.7 7.4 


* To reduce irregularities, the values given for the end of the 
weeks are based upon all the observations made on three days 
centered at the end of the week, i.e. 6, 7 and 8 for week 1; 13, 14, and 
15 for week 2, and so on up to days 62 and 63 for week 9. 


TEMPERATURE 
PERCENT 100.4° F OR ABOVE 


—-— ACTH (162 CASES) 
——— CORTISONE (167 CASES) 
—— ASPIRIN (168 CASES) 





° geen 
OAYS 0 7 4 63 


ee T 
20 26 35 42 4s 56 
THERAPY ++ OBSERVATION ——> 


Cuart 1 


tom, sign and laboratory test considered as 
evidence of active rheumatic fever or of rheu- 
matic heart disease through a period of one 
year following the end of the observation 
period. 

Each manifestation is considered at speci- 
fied points of time and discussed individually. 
The methods of analysis include: comparison 
of averages; the proportion with a change 
greater than an arbitrary maximum amount; 
the proportion with a manifestation present 
or absent; the number, or percentage, above 
or below an arbitrary limit of normal. (With 
this last method of analysis, a constant num- 
ber, or percentage, over a period of time does 
not indicate that the same cases continue 
abnormal but that of all the cases at risk the 
number abnormal remains the same.) In gen- 
eral, when several such indices yielded the 
same results, the simplest is reported; when 
two methods yielded differing results, both are 
reported. When a difference between treat- 
ment groups in one of these measurements is 
significant, the probability value is reported; 
otherwise, differences in results between treat- 
ments are not significant. 


Temperature 


Temperatures were measured four times a 
day throughout the nine-week period of 
treatment and observation. The maximum 
reading for each day is used in this analysis, 
and cases are considered febrile if that reading 
(rectal) was 100.4 F. or above. The three 
groups were comparable on the day prior to 
treatment (chart 1). Following start of treat- 
ment, the proportion of febrile cases decreased 
rapidly in all three groups, although it was 
most rapid on the first day in the aspirin 
group (table 5, chart 1). During the latter part 
of the first week the proportion febrile in the 
ACTH group was lower than that of the other 
two groups, but at the end of the week, all 
three groups were in the same range, the as- 
pirin group lagging slightly behind. In the 
main this lag in the aspirin group persisted 
throughout the six-week period of treatment 
and was more prominent among the cases 
febrile than among those afebrile at start of 
treatment. 





U.K. & U.S. JOINT REPORT ON RHEUMATIC FEVER 353 


At the end of the sixth week of treatment, 
here was a rise in the proportion of febrile 
vases in the ACTH group, persisting into the 
ighth week and then slowly decreasing. A 
similar rise occurred in the cortisone group, 
beginning in the seventh week, reaching a peak 
in the eighth and decreasing slowly during 
the ninth week. The aspirin group showed a 
smaller rise with its peak in the seventh week, 
and decreasing during the eighth and ninth 
weeks. At the end of the ninth week all three 
groups had about the same proportion of fe- 
brile and afebrile cases (table 6). 


TaBLE 6.—Temperature: Distribution at End of 
Ninth Week. U. K. and U.S., All Cases 


Number with Given Temperature 
at the End of the Ninth Week 


Rectal Temperature °F 


ACTH Cortisone Aspirin 


3 4 | 5 

33 47 41 

104 92 | 101 

18 12 
eae cas nee cakn ‘a | 1 
Not stated é | f 8 





162 





Pulse Rate During Sleep 


The pulse rate was taken during sleep, be- 
tween the hours of 12 midnight and five a.m. 
At start of treatment (table 7), 31 per cent to 
35 per cent of the patients in each group had a 
pulse rate of 100 per minute or more (tachy- 
cardia) while less than 5 per cent had a rate of 
less than 60 per minute (bradycardia). 

Following start of treatment there was a 
slight rise in the proportion with tachycardia 
among the cortisone cases during the first 
two days (chart 2). Apart from this, the 
proportion decreased at approximately the 
same rate in all three groups, reaching the same 
level in cortisone and aspirin at the end of the 
first week, the ACTH group having a slightly 
higher figure. These relative proportions re- 
mained unchanged throughout the treatment 
period. When therapy was stopped, there was a 
sharp rise in the ACTH group and a slower 
rise to the same level in the cortisone group. 
At the end of the observation period, one-fifth 


TABLE 7.—Pulse Rate During Sleep: Percentage of 
Cases with Bradycardia (Under 60) and Tachycardia 
(100 and Over) at Specified Times.* U. K. and U. S., 
All Cases 


Week of 
Observation 


Start rae 
Treatment | = | of Week of Therapy 
Group ~ & |Ther- 


Zz 


lalz]s|«|slelile]> 


Percentage with bradycardia 


ACTH 162 | 4.6 [14.7.10.9) 7.4) 6.1) 3.8) 2.5] 0.0) 0.6) 0.7 
Cortisone .. 167 | 2.0 18.3 24.7 13.7,12.0 8.3) 6.9] 2.0) 0.4/ 0.3 
Aspirin 168 | 4.1 | 4.8 10.0, 9.3) 7.1) 4.3) 1.6] 3.8) 1.5) 4.3 


Percentage with tachycardia 


ACTH.......} 162 | 35.8 }13.9 10.7 9.6 13.9 12.7|13.3]24.6 21.4 21.3 
20.1 
6.7 


Cortisone 167 | 34.6 [10.1| 6.5) 7.2) 7.5) 6.3) 5.9113.2 22.7 
Aspirin 168 | 30.6 ]10.1| 7.9| 6.9} 7.3! 5.3) 6.8]10.7| 8.8 


* See footnote, table 5. 


PULSE DURING SLEEP — TACHYCARDIA 
PERCENT 100 OR MORE 


—-— ACTH (162 CASES) 
——— CORTISONE (167 CASES) 
—— ASPIRIN (168 CASES) 


7 “ 2 268 3 42 “ag sé 63 
|}_—____——- tHerapy —————+- — oservarion | 


CHART 2 | 


of the cases in both groups still had tachycar- 
dia. On the other hand, the proportion with 
tachycardia in the aspirin group remained 
almost unchanged when treatment ended and 
throughout the observation period. 

Detailed analysis showed that in all treat- 
ment groups there was the same rapid fail in 
the proportion with tachycardia among the 
cases of short duration (0 to 14 days) while in 
those of longer duration (15 plus days) it 
fell more slowly. Thus starting from the same 
level of 30 per cent to 40 per cent with tachy- 
cardia, there was a fall at the end of the first 
week to only 1 per cent to 8 per cent among the 
cases of short duration in comparison with 13 
per cent to 22 per cent among those of longer 
duration. This latter group lagged behind 
until the fourth or fifth week. 

The proportion with bradycardia increased 
sharply after the start of treatment in both 
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TaBLeE 8.—Erythrocyte Sedimentation Rate: Percentage of Cases with a Rate of 20 mm in 1 hour, or Higher 
(Uncorrected) at Specified Times.* U. K. and U. S., All Cases 


No. of Start of 


" xroup . T 
Treatment Grou Cases Therapy 


ACTH. j2 91.9 | 64.3 | 28 


| 
Cortisone ne 90.0 87.3 | 46.1 | 38.8 
7 | 49.4 


Aspirin ie ; 91.5 | 79.0 | 66 


Week of Therapy 


Week of Observation Follow-up 

4 ‘ 7 8 9 13 wks. | 1 year 
20.3 | 22.8 | 20.6 | 47. 43.0 | 32.2 | 11.6 | 10.: 
28.2 | 23.0 | 19.1 | 24. 44.1 | 41.8] 16 12. 


| 
39.6 | 32.9 | 22.0 | 24. 23.6 | 21.8 | 13.5 | 12. 


* The observations were not always made on the final day of the week, but were, in most cases, made :¢ 
weekly intervals. A margin of +3 days was allowed in deriving weekly values. 


hormone groups, reaching 14.7 per cent in the 
ACTH group at the end of the first week and 
almost 25 per cent in the cortisone group at 
the end of the second week (chart 3). From 
this point, the proportion with bradycardia 
decreased to approximately the starting level 
by the end of the treatment period. In con- 
trast, bradycardia occurred later in the aspirin 
group reaching a peak of a little over 10 per 
cent in the second to third weeks and declining 
thereafter. 


PULSE DURING SLEEP - BRADYCARDIA 
PERCENT LESS THAN 60 
—-— ACTH (162 CASES) 


——— CORTISONE (167 CASES) 
ASPIRIN (168 CASES) 


' 7 “ 2) 26 35 42 a9 sé 63 
— THERAPY» __ogservaTion—>| 


Cuart 3 


OaYS 


Erythrocyte Sedimentation Rate 


The erythrocyte sedimentation rate was 
measured by the Wintrobe method® (uncor- 
rected)* at the start of treatment, weekly 


* A corrected sedimentation rate of 15 mm. in 
1 hour or above was established as a minor diagnostic 
criterion for admission to the study and was so used. 
In analyzing the course of the disease for the first 13 
weeks, an uncorrected rate of 20 mm. in 1 hour or 
above was used, because (1) the centrifuges used in 
the hematocrit determinations were not standard- 
ized, with resulting variation from center to center, 
and (2) analysis of uncorrected and corrected readings 
for each of the drugs showed the same trends and it 
seemed undesirable to introduce an unnecessary 
variable. 


ERYTHROCYTE SEDIMENTATION RATE 
(UNCORRECTED WINTROBE) 


PERCENT 20 Mi./HR. OR ABOVE 


we ACTH (162 CASES) 
o——-© CORTISONE (167 CASES) 
o——* ASPIRIN (168 CASES) 





a ey 3s 


THERAPY —_——+|-— oeservation—. 


CHART 4 


throughout the treatment and _ observation 
period, and at each follow-up examination. 
Its course was followed by tabulation of the 
proportion of cases with a rate of 20 mm. in 1 
hour or above at specified times. 

At the start of treatment, approximately 
90 per cent of the cases in each treatment 
group had an elevated sedimentation rate. 
This proportion decreased rapidly in the hor- 
mone groups, with the ACTH group showing 
the sharpest drop, levelling off at the third 
week, in contrast to the cortisone group which 
reached roughly this same level about the fifth 
week (table 8, chart 4). The proportion of those 
with an elevated rate in the aspirin group 
lagged distinctly behind that of both hormone 
groups, not reaching the same level until the 
last week of treatment. When treatment was 
stopped, however, there was a sharp rise in 
the proportion with a raised rate in the ACTH 
group and a slower rise to the same level in the 
cortisone group while there was no change in 
the aspirin group. By the thirteenth week, the 
proportion in all three groups had reached the 
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- ume low level of 12 to 16 per cent. The very 
: milar distribution of values at this point is 
:nown in table 9; at one year the proportions 
ere relatively unchanged from the 13-week 
gures. Separate analysis showed that these 
rends were the same for all three duration- 
rom-onset groups. 

To summarize, during treatment the pro- 
ortion with an elevated sedimentation rate 
‘ecreased much more rapidly in the hormone 
roups than in the aspirin group, but it in- 
‘reased sharply though temporarily in both 
\ormone groups after treatment was stopped 
in contrast to a negligible change in the aspirin 
vroup. It finally reached the same low level 
in all three groups at 13 weeks and this equal 
level was maintained at one year. 


Joint Involvement* 


At start of therapy there was a greater 
proportion of cases with joint involvement in 
the U. S. centers (49.4 per cent) than in the 
U. K. (36.7 per cent), the difference occurring 
entirely among the early cases (table 10). 
in both countries, the percentages were about 
the same in each treatment group. 

In each treatment group, cases with joint 
involvement on admission rapidly lost this 
symptom. Thus, on the third day of therapy, 
joint involvement was still present in 28.6 
per cent of ACTH, 56.4 per cent of cortisone 
und 36.5 per cent of aspirin cases. By the 
cighth day, it remained in less than 10 per cent 
in each treatment group. Throughout the rest 
of the treatment period, joint involvement 
was present in none of the cortisone cases, 
in only a rare case in the ACTH group and in 

few cases in the aspirin group (table 11). 
\fter treatment was stopped, there was an 
nsignificant increase of cases with joint in- 
‘olvement in the ACTH group, and these had 


* Polyarthritis as a major manifestation for diag- 
osis of rheumatic fever was defined as ‘‘pain and 
ither limitation of active motion, or tenderness in 
wo or more joints.’’ For following the course of this 
nanifestation after start of treatment, a system of 
‘rading was adopted in which the lowest grade was 
lefined as joint pain without objective joint findings. 
since this lowest grade is less than that required for 
he definition of polyarthritis, the course of the 
nanifestation is referred to as “‘joint involvement’. 


TABLE 9.—Erythrocyte Sedimentation Rate: Distri- 
bution at 13 Weeks. U. K. and U.S., All Cases 


Number with Given Rate 


Erythrocyte Sedimentation at 13 Weeks 


Rate (mm in 1 hr. 
uncorrected) eer ve on sy 
ACTH Cortisone Aspirin 
ons gcc ociantets 137 130 134 
Pe 3 Seon Dense us 13 20 14 
SNe: <5 Sarak ie Gs 3 
oC ee eee ‘ 2 


ee ee ee 2 
Not stated 


Total 


TaBLeE 10.—Joint Involvement: Comparison of U. 
and U.S. Cases at Start of Therapy 


U. K. U.S. 


Duration from it pV ee 
Onset at Start .W > ie 
q y ” involvemen 

of. Therapy Total . Total 

(in days) NE ci neateeiceinitas edie 

cases a cases Ss 

Num-| Per Num-| Per 

ber cent ber cent 


With joint 
involvement 


57 | 52.3 146 | 101 | 69.2 
20 | 25.3 59 13 | 22.0 
11 | 21.2 52 13 | 25.0 


Total.....| 240 | 88 | 36.7 | 257 127 


TABLE 11.—Cases with Joint Involvement at Start 
of Therapy: Number and Per cent with Joint Involve- 
ment at Specified Times. U. K. and U. S., All Cases 


‘ | ACTH Cortisone Aspirin 
Time from 
Start of = ' ms — 
Therapy (Number p.. . Number ’ Number) Per 
of cases Per cent of cases Per cent of cases} cent 


day...| 63 100.0 | 78 100.0 | 74 100.0 


a 
S 


days...| 41 | 65.1| 59 | 75.6 
44 | 56. 
a7 | 34. 
17 | 21. 
13 | 16. 
8 | 10.: 


é. 


70.3 
36.5 
14. 
12. 
12. 
12. 

8. 


or 
130 D> 


ws 
“Iw 


io > e 


0.0 


Nore NOR FS OON 


wom 


eBwwrn 

— 0 mw 

ovo ow 
WUE PN EH De BDNNND DY 


> 
Qo 
= 
— 


13 weeks. . 
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TABLE 12.—Cases Without Joint Involvement at 
Start of Therapy: Development of Joint Involvement 
During Specified Intervals. U. K. and U. S., All Cases 


Number Developing 
Joint Involvement 


Number of 
Cases Without 
Joint Involve- 
ment at Start 

of Therapy 


Treatment Group 


43-63 at 13 
days | weeks 


99 
89 
94 


UE cosccssccesl 
Cortisone........ 
Aspirin 


TABLE 13.—Cases with Chorea at Start of Therapy: 
Subsequent Course. U. K. and U.S., All Cases 


Number of Number with Chorea at 

Cases with 
Chorea at 
Start of 
Therapy 


End of (End of ob-| Follow- 
therapy servation up 13 
week 6 week 9 weeks 


Treatment Group 





BAGEEE. = 2 ccssenx 
Cortisone....... 
Aspirin 


TABLE 14.—Cases Without Chorea at Start of Ther- 
apy: Development of Chorea During Specified 
Intervals. U. K. and U.S., All Cases 


Time 


Number Developing 
Chorea 


Number of 
Cases Without 
Chorea at 
Start of 
Therapy 


Treatment Group 


1-42 
days 


43-63 
days 


at 13 
weeks 


PITH ES ices cnc 
Cortisone.... 
Aspirin 


153 


TaBLE 15.—Nodules: Comparison of U. K. and U.S. 
Cases at Start of Therapy 


U. K. U. S. 
Duration from 
Onset at Start 


of Therapy 
(in Days) 


With nodules 


With nodules 
Total aes 


Total 


cases 


cases Per 
cent 


Num- 
ber 


Per 
cent 


Num- 
ber 
109 5.8 
79 vi 


52 


146 2 ie 
fa 
19. 


19 | 7.4 


59 
10 


52 


Total......| 240 





disappeared by the 13th week; in the cortisone 
group there was an immediate rise to 10.3 per 
cent followed by complete disappearance at 
the ninth week and one recurrence at the 
thirteenth week; in the aspirin group two 


ON RHEUMATIC FEVER 


cases continued up to the thirteenth week. 
Among cases in which joint involvement dis- 
appeared, it later reappeared in only a few 
‘rases (ACTH 5, cortisone 15 and aspirin 8). 

Among cases without joint involvement at 
start of therapy (table 12), a few developed 
it during the 13-week period (ACTH 9, corti- 
sone 9, aspirin 4). In five ACTH, four corti- 
and in the four aspirin cases, the joint 
involvement appeared for the first time after 
the end of treatment. 


sone 


There is little to choose among the three 
drugs in their effect on joint involvement 
apart from some delay in response to cortisone 
administered intramuscularly. 


Chorea 


At the start of therapy, there was a larger 
proportion of cases with chorea in the aspirin 
group than in either of the hormone groups. 
Chorea seemed to persist longer in the aspirin 
than in the hormone groups, but this difference 
is not significant (table 13). The persistence of 
this symptom was strikingly more pronounced 
in the U. K. than in the U. 8. cases, since at 
13 weeks nearly all were in U. K. centers (the 
ACTH case, one of three cortisone and eight 
of nine aspirin cases). 

Among the cases without chorea at the start 
of therapy, a few in all three treatment groups 
developed this symptom at some time during 
the 13-week period (table 14). 

The persistence of chorea, as well as its ap- 
pearance for the first time, was not significantly 
different between the treatment groups. 


Subcutaneous Nodules 


At start of therapy, there was a significantly 
larger proportion of cases with subcutaneous 
nodules in the U. K. (21.7 per cent) than in 
the U. S. (7.4 per cent), most of the dif- 
ference occurring in the group of late cases 
(table 15). Among the three treatment groups 
in the two countries, however, such cases were 
fairly evenly distributed except for slightly 
fewer in the aspirin group. 

In most of the early and medium duration 
cases (0 to 42 days) receiving ACTH or corti- 
sone, subcutaneous nodules had disappeared 
by the end of treatment (table 16). In the 
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" ABLE 16.—Cases with Nodules at Start of Therapy: 
camenguont S Course. U. K. and U. S., All Cases 


Number with Nodules 
Persisting to 
~ with | 
Treatment Group and ae 
Duration from Onset | at Start | pag of | [End of |p Kollow- 


| therapy] | up 13 
| week 6 —— | weeks 


| of 
Therapy 


(-42 days 
ACTH 
Cortisone 
Aspirin 

«3 days + 


Cortisone 
Aspirin 


| Number in Which Fresh 
Nodules Appeared 


1-42 | 43-63 | at 13th 
days days week 


All duration groups 
PATE. cco s ose ane 
Cortisone 
Aspirin 


aspirin group, although the number with 
nodules was fairly small, the nodules tended to 
persist to the end of the sixth week. This 
tendency was even more apparent among the 
chronic cases (43 plus days) although the rate 
of disappearance in these cases was perhaps 
lower with all three drugs. These differences in 
response came from the U. K. cases, since at 
the end of six weeks, only two, and at 13 
weeks, only one with nodules still remaining 
were U.S. cases. 

New subcutaneous nodules developed in 
some cases during the treatment period in all 
‘reatment groups, and particularly among cases 
vith nodules at the start of therapy (tables 
'6 and 17). During the treatment period, there 
vas a slightly greater tendency for cases in 
he aspirin group to develop new nodules 
han among those in the hormone groups. 
4 the 36 cases, in 11 treatment groups, 
vhich new nodules developed during therapy, 
25 were U. K. cases. 

Thus, it may be concluded that new nodules 
ippeared on all treatments and that nodules 
versisted longer in the aspirin than ACTH 
ind cortisone treated cases. 


TABLE 17.—Cases Without Nodules at Start of 
Therapy: Development of Nodules During Specified 
Time Intervals. U. K. and U. 8. . All Cases 


Number of | Number Developing 
Cases Without | Nodules 
Nodules at 
Start of 
Therapy 


Treatment Group 


1-42 | 43-63 | at 13 
_aays | days | weeks 


Geonames. Be eames han 
Aspirin 


TABLE 18.—Cases with Erythema Marginatum at 
Start of Therapy: New Episodes of Erythema Margin- 
atum. Ui. K. and U.S., All Cases 


ares of 
Cases with 
Erythema 
Marginatum |- —— 
at Start of -42 | 43-63 | at 13 
Therapy ys | days | weeks 


New Episodes 
Deve nn 
Treatment Group 


Cortisone 
Aspirin 


TABLE 19.—Cases Without Erythema Marginatum at 
Start of Therapy: Development of Erythema Margin- 
atum During Specified Time Intervals. U. K. and 
U. S. , All Cases 


Number of Number Developing 
Cases Without | Erythema Marginatum 
Erythema 
Marginatum at 1- 
Start of Therapy day 


Treatment Group 


42 43-63 | at 13 
ys | days | weeks 


). os 150 9 
Cortisone......... 156 10 
Aspirin 9 


Erythema Marginatum 


At the start of therapy, there were 29 cases 
with erythema marginatum (ACTH 12, corti- 
sone 11, aspirin 6). The proportion with new 
episodes developing during treatment and ob- 
servation was similar for all treatment groups 
(table 18). At 13 weeks, erythema marginatum 
had persisted in two ACTH cases and one 
aspirin case. 

Among the cases without erythema margina- 
tum at start of treatment, the number develop- 
ing episodes for the first time during treatment 
or observation was also similar for all treat- 
ment groups (ACTH 10, cortisone 15 and 
aspirin 11) (table 19). Among these cases only 
one remained at 13 weeks, a cortisone case 
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TABLE 20.—Cardiothoracic Ratio: Percentage of 


Cases in Cardiac Groups with TD/ID Ratio of 0.55 or 
More at Specified Times,* U. K. and U.S., All Cases 


ee : End of | End of | ; 
Cardiac Group Start of woop : ... | Follow- 
and Treatment = Ther- W = yoy a up One 
Group "| ay " [Week 6|Week 9| Year 
Cardiac group A—no or questionable carditis, no 
pre-existing heart disease 
ACTH 40 2.6 0.0 0.0 2.7 2.9 
Cortisone 39 | 2. 2.9| 0.0| 0.0} 0.0 
Aspirin. . 38 0 0.0 0.0 0.0 0.0 


Cardiac group Bj—carditis present, no pre-existing 
heart disease 


ACTH 61 5.0 
Cortisone 75 (10.7 
Aspirin 79 | 9.2 


8.3 | 12.1 8.6 | 10.2 
7.1 | 10.3 8.4 6.0 
13.9 6.4 7.8 5.8 
Cardiac group Ct—with definite or questionable 
pre-existing heart disease 
ACTH.... 34 | 27.3 | 30.3 | 28.1 | 29.0 | 13. 
Cortisone 29 | 29.6 | 28.6 | 31.0 | 37.0 | 17. 
Aspirin. . 34 | 15.2 | 15.2 | 15.2 | 9.4 | 16. 
Congestive failure and/or pericarditis 
ACTH.... 27 | 81.5 | 66.7 | 68.0 | 64.0 | 47.8 
Cortisone . 24 -5 | 50.0 | 52.2 | 31.8 | 19. 
Aspirin 17 : 58. 2 | 31.2 | 27.: 
All groups 
ACTH.....| 162 | 22.0 | 20.8 | 21.6 | 20.5 | 15. 
Cortisone .. 167 3 16. 9 | 14.8] 8.6 
Aspirin 168 i 15. 8.9 8.0 


* At the specified times, there were sometimes a 
few observations missing. Percentages are based on 
the number available. 

¥ Excluding cases with failure and/or pericarditis 
at start of therapy. 


which first manifested erythema marginatum 
during the observation period. In addition, 
there was one aspirin case in which erythema 
marginatum appeared for the first time at the 
thirteenth week. 

Thus the rate of appearance or disappear- 
ance of episodes of erythema marginatum ap- 
peared unrelated to therapy. 


Heart Size 
Variations in heart size were analyzed by 
three methods: 
1.—The proportion in each treatment group 
with a cardiothoracic ratio of 0.55 or 


more; this method described extrem» 
grades of cardiac enlargement. 

2.—The frequency of change in transvers : 
cardiac diameter of 0.6 em. or more, b¢ 
tween 0 and 3, 3 and 6, and 6 and 
weeks and 0 and 1 year; this method, a 
though starting from an abnormal bas 
line, was more sensitive than method 
to temporary changes of a lesser degree. 

3.—The proportion of cases with a cardic 
thoracic ratio of 0.50 or more; this metho: 
yielded no additional information an 
will not be further discussed. 


In cardiac group A, the proportion with | 
cardiothoracic ratio of 0.55 or more in an 
treatment group at any time was insignifican 
(table 20). In cardiac group B (excluding thos: 
with failure or pericarditis or both), the ap 
proximately equal distribution among. th 
three treatment groups persists throughout. hh 
‘ardiac group C (excluding those with failur« 
or pericarditis or both), there was a smallei 
proportion of cases initially in the aspirin 
group with extreme grades of cardiac enlarge 
ment. This inequality persists at three, six 
and nine weeks but disappears at one year. In 
the group of cases with failure or pericarditis or 
both, the relative inequality persists throughout. 

Using the more sensitive index of change in 
heart size of 0.6 cm. or more, a larger propor- 
tion showed an increase over the 0 to 9 week 
period in each hormone compared with the 
aspirin group. This difference appeared early, 
since analysis of the 0 to 3- and 3 to 6-week in- 
tervals showed the same result, but at one 
year it had disappeared (chart 5). In contrast, 
the proportion showing a decrease in heart 
size was similar for all treatment groups. Car- 
diac groups A, B and C all showed this dif- 
ference between each of the hormones and 
aspirin early in treatment and the same equal- 
ity at the end of one year. Among cases with 
failure and/or pericarditis (in which the pro- 
portion of enlarged hearts was high at start 
of therapy), approximately one third showed 
an early decrease regardless of therapy and few 
(16 per cent) showed an increase during treat- 
ment. 
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CHANGES IN HEART SIZE 


AND 
AVERAGE WEIGHT GAIN 
IN SPECIFIED TIME INTERVALS 


CORTISONE ASPIRIN 
O-3 Weeks 


34.0% 


i zor 


2.2 Ibs. 
3-6 Weeks 


27.4% 


Be 


5.6 Ibs. 
6-9 Weeks 
22.8% 


9.4% 


Percent of cases with increase 
of 0.6 cm. or more in transverse 
Cardiac diameter. 


Percent of cases with decrease 
of 0.6 cm. or more in transverse 
cardiac diameter. 


CHart 5 


Considering gains in body weight, increases 
in heart size were more frequent in each hor- 
mone group than in the aspirin group during 
() to 3 and 3 to 6 weeks, but not during 6 to 9 
weeks. In each period, however, both hormone 
eroups had an average weight gain two to three 

imes as great as the aspirin group; in other 
vords, there was no clear relationship between 
veight gain and increase in heart size. 

In summary, when heart size is measured by 
he proportion with a cardiothoracic ratio of 
).55 or more, the cardiac subgroups and the 
otal cases reveal no differences between treat- 
nents. Using the more sensitive index of change 
n heart size of 0.6 em. or more, there is a 
endency for cases treated with ACTH or 
‘ortisone to show a temporary increase in 
ieart size. 


Atrioventricular Conduction Time 


The course of the atrioventricular conduc- 
tion time* (measured by the P-R interval in the 
electrocardiogram) was analyzed using: 


1.—The percentage with a P-R interval of 
0.18 second or longer. 

2.—The percentage with a P-R interval of 
0.16 second or longer. 

3.—The average P-R interval. 

4.—The percentage with an increase or de- 
crease in the P-R interval of 0.03 second 
or more during the interval of 0 to 3, 
0 to 6, 6 to 9 and 0 to 9 weeks. 


The four methods led to the same conclusions 
and only the percentages with a P-R interval 
of 0.18 second or longer are presented here. 

The proportions of cases with a P-R interval 
of 0.18 second or longer are distributed fairly 
equally at start of therapy in each of the treat- 
ment and each of the cardiac groups (table 21, 
chart 6). They decreased initially more rapidly 
among those receiving ACTH or cortisone than 
among those receiving aspirin, with the ACTH 
group showing a very rapid fall at the end of 
the first week from 33.3 per cent to 8.7 per 
cent and in the second week to 6.9 per cent. At 
the third week, the ACTH and cortisone 
groups were at the same level, with the aspirin 
group clearly lagging behind. This difference 
was maintained to the end of the treatment 
period after which, at nine weeks and at one 
year, all three groups were in the same range 
(13 per cent to 19 per cent). This decrease 
during treatment in the hormone treated cases 
occurred in all cardiac groups but was less 
marked in cardiac group C. 

The hormones appear to decrease the P-R 
interval to values below those at nine weeks and 
at one year. The values at these later times 


* The diagnostic criteria for admission of patients 
to the study defined normal P-R intervals as cor- 
rected for age and heart rate according to the Ash- 
man-Hull‘ tables. These corrections were not used 
in evaluating the course of the disease because the 
P-R intervals were unduly influenced by marked 
pulse rate changes, and because recent unpublished 
studies of the P-R interval in normal children by 
the Child Research Council of Denver question 
the corrections proposed by Ashman and Hull. 
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TABLE 21.—Atrioventricular Conduction Time: Per- 
centage of Cases in Cardiac Groups with P-R Interval 
of 0.18 Sec. or Above at Specified Times.* U. K. and 
U.S., All Cases 


End of | End of | ; j 
Ther- | Obser- | Calon 


Cardiac Group of Start of Week a 
apy vation | 


and Treatment “7... Ther- | 
Group Cases apy 


Week 6|Week 9| ar 


Cardiac group A—no or questionable carditis, no 
pre-existing heart disease 
ACTH 40 | 36.8) 5.3| 5.7] 7.1 | 6.5 
Cortisone .| 39 | 40.5) 8.1 .1 | 18.6 | 18.5 
Aspirin. . 38 | 30.6 | 13.3 15.2 20.0 0.0 


Cardiac group Bf—carditis present, no pre-existing 
heart disease 
ACTH... 74 | 28.2 6.1 6.0 14.3 
Cortisone 89 | 29.3 | 7.3 | 11.4 | 12.7 
Aspirin... 89 | 25.6 | 14.5 | 13.8 | 10.0 | 


1 


Cardiac group Ct—with definite or questionable pre- 
existing heart disease 
ACTH.....| 48 | 38.3 | 20.5 | 15.9 | 25.6 | 30.8 
Cortisone 39 | 40. 13.9 | 10.8 | 24.2 | 11.1 
_Aspirin....; 41 | 32.4 | 28.2 | 27.5 | 20.0 | 25.9 
All groups 
ACTH.....| 162 | 33.3 | 10.1 9 | 16. 
Cortisone .. 167 | 34.4. 9.0 2 1454 
Aspirin....| 168 | 28.3 | 17.8 14. 


* See first footnote, table 20. 
t Includes cases with failure and/or pericarditis 
at start of therapy. 


might well be expected to be closer to normal 
than those recorded during the acute illness. 
It may be questioned, therefore, whether the 
early decrease in P-R intervals is an effect of 
the hormones on the disease or merely a direct 
effect on the atrioventricular conduction time. 


Murmurs 


Apical Systolic and Basal Diastolic Mur- 
murs.* The development and course of sig- 


* In this study, the following grades were adopted 
for reporting apical systolic murmurs: 

Grade O—No murmur, or a murmur considered to 
be ‘functional’? on the basis of its apparent 
origin at the pulmonic area or along the left 
sternal border. 

Grade P—Murmur apparently localized to the 
apical area, but so faint as not to be transmitted 
to or toward the axilla. 

Grade 1—Soft apical systolic murmur transmitted 
to or toward the axilla. 

Grade 2—Louder similar murmur. 

Grade 3—Very loud similar murmur, usually 
transmitted to the back. 


ATRIOVENTRICULAR CONDUCTION TIME 


PERCENT 0.18 SECONDS OR MORE 
PERCENT 


40 
| x=-—x ACTH (162 CASES) 
O=-—=—0 CORTISONE (167 CASES) 
o——e ASPIRIN (168 CASES) 
\ \ 
\ 
VN 


\ m~, 

. ~ Se 

Le — 
« 


26 35 42 
THERAPY +. ___ oBsERVATION——- 


CuHartT 6 


nificant heart murmurs are among the mos 
important aspects of rheumatic fever. They ar: 
analyzed during the acute attack (0 to 1: 
weeks) and at one year, according to the statu 
of the heart at the start of treatment, i.e. 
group A, those without pre-existing heart dis 
ease or carditis; group B, those with carditi: 
and without pre-existing heart disease; and 
group C, those with pre-existing heart disease. 
Cardiac Group A: Each treatment group in- 
cluded approximately the same number of 
vases without carditis or pre-existing heart 
disease. None of these had an apical systolic 
or basal diastolic murmur on admission to the 
study. During the nine-week period of treat- 
ment and observation, it was unusual for either 
of these murmurs to appear, and at 13 weeks, 
few cases had either an apical systolic or a 
basal diastolic murmur or both, regardless of 
the type of therapy (table 22). At 13 weeks, 
among 40 ACTH cases there were five with 
apical systolic murmurs; among 39 cortisone 
cases, there was one with an apical systolic 
murmur, one with a basal diastolic murmur 
and one with both; and among the 38 aspirin 
cases there were two with apical systolic mur- 
murs. At one year apical systolic murmurs 
were still few: five in the ACTH group, four 
in the cortisone and five in the aspirin group. 
One of the cortisone cases also had a basal 
diastolic murmur. In other words, if a case of 
rheumatic fever meeting the criteria for ad- 
mission to this study had no apical systolic 
or basal diastolic murmur at the time, the 
chance of developing, either during the acute 


In the analysis of the data, the ‘‘P’? murmurs were 
included under grade 0. 
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a tack or at one year, was only approximately 1 
i: 8, regardless of treatment. 

Cardiac Group B: Among the cases with 
(arditis without pre-existing heart disease, the 
cistribution of apical systolic murmurs by 
,rades was not the same in the three treatment 
,roups at start of therapy; there were relatively 
1iore grade 0 and grade 2 murmurs among the 
:spirin, grade 1 among the cortisone and grade 

among the ACTH cases. For this reason, 
:nalysis of the group as a whole becomes com- 
) licated and each grade is analyzed separately. 


TABLE 22.—Cardiac GroupA (No Carditis, No Pre- 
lxisting Heart Disease): Murmurs Present at Speci- 
fied Times. U. K. and U.S., All Cases 





Number with Murmurs at 


End of|End of| Fol- | Fol- 
ther- | obser-| low- | low- 
apy |vation| up up 
week | week 13 one 
9 weeks | year 


| 
| 
| 


2 | 
38 3 





The group B cases without an apical sys- 
tolic murmur at start of therapy (included in 
group B on account of other murmurs, in- 
crease in heart size, failure or pericarditis) 
behaved much like the cases without carditis 
(group A); it was unusual for them to develop 
an apical systolic murmur during the first 13 
weeks following the start of treatment or at 
one year regardless of the treatment employed 
(table 23). 

In group B cases, grade 1 apical systolic 
murmurs at the start of treatment appeared to 
respond differently during the acute attack in 
hormone-treated cases compared with the 
aspirin-treated cases. In the majority of the 
cases treated with ACTH or cortisone the 
grade 1 murmur disappeared by the end of six 
weeks of treatment. There was a slight increase 
in their frequency among the cortisone cases at 
nine weeks, but otherwise there was no appre- 
ciable change at the ninth and thirteenth weeks. 
By contrast, in only 4 of 18 aspirin cases did the 
grade 1 apical systolic murmur disappear at 
six weeks and in only seven by the thirteenth 


TABLE 23.—Cardiac Group B* (with Carditis, No Pre-Existing Heart Disease): Apical Systolic Murmurs, Grades 


at Start of Therapy and at Specified Times. U. 


K. and U. S., All Cases 





; : == 

Grade at End of 
Sart? Week 6 

Grade at Start”of 

Therapy and ee 

Treatment Group 


Grade 0 
ACTH 
Cortisone 


Grade at End of 
Therapy Observation 


Grade at Follow-up Grade at Follow-up 
13 Weeks 1Y 








Aspirin 
Grade 1 
ACTH 
Cortisone 
Aspirin 
Crade 2 
ACTH 
Cortisone 
Aspirin 
(rade 3 
ACTH 
Cortisone 
Aspirin 
(:rade not stated 











Cortisone | 2 a — 





+ Includes one death. 





* Includes cases with failure and/or pericarditis at start of therapy. 
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TABLE 24.—Cardiac Group B* (with Carditis, No 
Pre-Existing Heart Disease): Basal Diastolic Murmurs 
at Start of Therapy and at Specified Times. U. K. and 
U.S. Casest 


End of} End of 

Ther- | Obser- | Follow-up | Follow-up 

Status at Start gy ae 13 Weeks 1 Year 

of Therapy and | Total eek 6) Week 9 

Treatment Cases 
Groups 


Absent 








No murmur at 
start 
ACTH 
Cortisone 
Aspirin 
Murmur present 
at start 
ACTH 
Cortisone 
Aspirin 


*Includes cases with failure and/or pericarditis at start of 
therapy. 

+ Includes 201 cases in 11 of the 12 centers where basal diastolic 
murmurs were present at start of therapy in 10 per cent of cases, and 
excludes 51 cases in one center where basal diastolic murmurs were 
present in 41 cases, i.e. 80 per cent, absent in 8, undetermined in 2 
because of a loud pericardial friction rub. 

+ Includes one death. 


week. There were relatively few grade 1 mur- 
murs that increased to grade 2 or 3 during the 
13-week period in any of the treatment groups. 
At one year following the end of the observa- 
tion period, the differences between the three 
treatment groups were no longer significant 
(table 23). 

Grade 2 apical systolic murmurs in cases 
with carditis (group B) presented a somewhat 
different pattern. These murmurs disappeared 
in slightly more cortisone than ACTH or 
aspirin cases. Thus, by the end of 13 weeks, 
these murmurs had disappeared in about one- 
sixth of the ACTH, one-fifth of the aspirin and 
one-third of the cortisone cases. Considering 
murmurs which decreased as well as those 
which disappeared, the differences among the 
treatment groups are not so great. At the end 
of 13 weeks in one-half of the ACTH and as- 
pirin cases, the grade 2 murmur had diminished 
or had disappeared, in comparison with five- 
sevenths of the cortisone cases. With the num- 
ber of cases studied, none of these differences 
reached the 5 per cent level of significance. By 
the end of one year, only minor differences re- 
mained. Thus, in the group B cases, there were 


no striking differences in the effect of ACTH, 
cortisone or aspirin on grade 2 apical systolic 
murmurs during the acute attack or at one 
year. 

Grade 3 apical systolic murmurs in cases with 
‘arditis did not disappear, except in a few in- 
stances, during the 13-week period or at one 
year, regardless of the type of treatment 
(table 23). Some of these loud murmurs became 
less intense, particularly in the aspirin group, 
but this difference again was not significant. 

Summarizing, the apical systolic murmurs in 
group B cases responded in relatively the same 
way to the three forms of treatment, except 
when the apical systolic murmur was of mini- 
mum intensity (grade 1). In these cases a larger 
proportion of such murmurs disappeared dur- 
ing therapy with ACTH and cortisone than 
with aspirin, but there was little difference 
between treatment groups at the end of one 
year. 

In 11 centers, basal diastolic murmurs in 
‘ardiaec group B cases were recorded in 20 of 
201 (10 per cent) while in one U. K. center 
they were present in 41 cases (80 per cent), ab- 
sent in 8 and undetermined in 2. Two separate 
analyses are therefore presented. 

In the 11 centers, basal diastolic murmurs 
were present at the start of therapy in seven of 
58 ACTH, eight of 70 cortisone and five of 73 
aspirin cases (table 24). At 6, 9, 13 weeks and 
at 1 year, the disappearance of these murmurs 
or their appearance in cases originally without 
them was approximately the same for all 
treatment groups. 

In the one U. K. center, of eight cases ini- 
tially without basal diastolic murmurs one 
developed a transient murmur. In 41 cases 
where the murmur was initially present, it had 
disappeared by nine weeks more frequently 
from the ACTH (14 of 15) than from the corti- 
sone (6 of 13) and aspirin groups (4 of 13). 
The difference was still present at one year (13 
of 15 ACTH, 4 of 12 cortisone and 5 of 12 
aspirin). 

Cardiac Group C: These cases with pre-exist- 
ing heart disease, including those with addi- 
tional pericarditis or failure or both on admis- 
sion, are difficult to evaluate. 

The disappearance of apical systolic mur- 
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| \BLE 25.—Cardiac Group C* (with Definite or Questionable Pre-Existing Heart Disease): Apical Systolic Murmurs, 


Grades at Start of Therapy and at Specified Times. U. K. and U. S., All Cases 


Grade at End of 


: Week 6 
Grade at Start of P 

Therapy and — - 
Treatment Group 


( rade 0 at start 
ACTH 


Grade at End of 
Therapy Observation 


Grade at Follow-up Grade at Follow-up 
13 Weeks One Year 


known 


Not 


| 
| 





Cortisone. 








Aspirin 
(rades 1 & 2 at 
start 
ACTH. ... 32 
Cortisone....... 23 
Aspirin 23 
(rade 3 at start 
ACTH. 16 
Cortisone....... 16 — — 
Aanirin.. ....... 11 — —— 


Non 


* Includes cases with failure and/or pericarditis at start of therapy. 


+ Includes one death. 


TABLE 26.—Cardiac Group C* (with Definite or 
Questionable Pre-Existing Heart Disease): Basal 
Diastolic Murmurs at Start of Therapy and at Specified 
Times. U. K. and U. S. Casest 


End of 
Ther- ser- | Follow-up 
Status at apy i 13 Weeks 
Start of Total Week 6 
Therapy and Conse 
lreatment ta 
Group 


Follow-up 
One Year 





No murmur 
at start 
\CTH 
Cortisone 
\spirin 
Murmur pres- 
ent at start 
\CTH 


1 
‘ortisone 2 SS . | it 
spirin 3 ses 





*Includes cases with failure and/or pericarditis at start of 

rapy. 

t Includes 99 cases in 11 of the 12 centers where basal diastolic 

rmurs were present at start of therapy in 29 per cent of cases, and 
» ‘ludes 29 cases in one center where basal diastolic murmurs were 

‘sent in 93 per cent of cases. 

t Includes one death. 


1uurs, grades 1 and 2, during the acute attack 
\-as slower in the aspirin group; in 8 of 32 

CTH and 8 of 23 cortisone cases these mur- 
1 urs had disappeared at the end of 13 weeks, as 
‘ompared with 2 of 23 cases in the aspirin 


group (table 25). However, at one year there 
was very little difference between the three 
treatment groups. None of the 43 grade 3 
apical systolic murmurs had disappeared at 13 
weeks after start of therapy and only two (1 
ACTH and one cortisone) had disappeared by 
the end of one year. 

In the group C cases from 11 centers, the 
appearance or disappearance of basal diastolic 
murmurs showed no differences among the 
treatment groups during the acute attack or 
at one year (table 26). A few new basal dias- 
tolic murmurs appeared, and an insignificant 
number of those present disappeared during 
the 13 week period or at one year. In the one 
U. K. center, separately considered, there were 
also no differences between treatment groups. 
Only two of 29 group C cases had no basal 
diastolic murmurs initially and none appeared 
later. Where the murmur was present initially, 
it persisted to one year in 7 of 10 ACTH, 6 of 6 
cortisone and 9 of 11 aspirin cases. 

This analysis of apical systolic and basal 
diastolic murmurs among group C cases showed 
only one difference, a more rapid disappearance 
of lower grades of apical systolic murmurs in 
sases receiving ACTH and cortisone. 
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Apical Diastolic Murmurs. Mid-diastolic 
Murmurs: This analysis of mid-diastolic mur- 
murs is limited to the data for the U. K. 
centers, differing from the pattern of presenta- 
tion elsewhere in this report. The U. S. data 
are not included since a review of the records 
indicated that varying terms, viz., mid-dias- 
tolic murmur, third heart sound and gallop 
rhythm, were recorded inconsistently from 
center to center and from observer to observer 
of the same case in the same center. Further, in 
acute rheumatic carditis, this murmur is rarely 
heard in the absence of an organic apical sys- 
tolic murmur which was consistently recorded. 
The U. S. investigators, therefore, agreed that 
the mid-diastolic murmur in the U. 
should not be analyzed. 

In the U. K., no such murmur developed dur- 
ing the year in group A cases. In group B, where 
the murmur was initially absent, it appeared in 
only a few cases, equally in all treatment 
groups. Where it was initially present, it per- 
sisted up to the thirteenth week to a greater 
extent in the aspirin group (9 of 17 cases) com- 
pared with ACTH (3 of 19) and cortisone (5 of 
18). At one year, however, there was little dif- 
ference between the three groups (1 of 17 
ACTH, 3 of 18 cortisone and 3 of 16 aspirin). 
In group C cases where the murmur was ini- 
tially absent, it appeared in a few cases in all 
treatment groups by the end of one year. Where 
the murmur was initially present, it persisted 
in all treatment groups at the ninth week (13 
of 20 ACTH, 12 of i9 cortisone and 15 of 19 
aspirin) becoming slightly less at one year (9, 
10 and 9 cases, respectively). 


S. cases 


Presystolic Murmurs: Apical presystolic mur- 
murs were not included in this analysis as 
they result from slowly progressive scarring of 
the mitral valve and are not evidence of acute 
carditis. In this study, they were present in 
only 16 of 497 cases (3.2 per cent) on admission 
and they appear for the first time in very few 
(12 additional cases during the following 13 
weeks). 

Summary of Murmurs. Summarizing the ef- 
fects of treatment on murmurs during the acute 
attack and at the end of the first year, the fol- 
lowing conclusions appear justified: 

1.—The development of an apical systolic 


murmur among those without such murmi 
at start of therapy, regardless of the presen 
or absence of carditis, was infrequent and \ 
not related to the treatment. 

2.—The disappearance of softer apical s\'s 


tolic murmurs was more rapid among this 
receiving ACTH or cortisone than among thx 
receiving aspirin, but at the end of one year t 
treatment groups did not differ significant 
Similar results were found for the apical m 
diastolic murmur for the U. K. centers only 

3.—The disappearance or diminution 
loud apical systolic murmurs rarely occur : 
regardless of therapy. 

4.—The appearance or disappearance 
basal diastolic murmurs occurred in a re 
tively small proportion of cases and in 11 
12 centers was not related to therapy.* 

5.—At the end of one year, there was i110 
evidence that the treatment groups differed in 
the frequency with which murmurs had ap- 
peared or disappeared. 


Seriously Ill Cases 


Cases here described as seriously ill are those 
with congestive failure, pericarditis, or both, 
present on admission or occurring during the 
13-week period of treatment and follow-up, 
and those cases terminated by death during 
the one year period of this report. 

Congestive Failure and/or Pericarditis. At the 
start of treatment, 23 of 162 ACTH, 15 of 167 
cortisone and 10 of 168 aspirin cases had con- 
gestive failure (table 27). Among these cases, 
failure disappeared at about the same rate 
regardless of therapy. In all but one case in 
ach treatment group failure disappeared by 
the thirteenth week. After initial disappearance, 
it reappeared in only three cases, all in the 
ACTH group. 

Among the cases without congestive failure 
at the start of therapy, 7 of 1389 ACTH, 7 of 
152 cortisone and 10 of 158 aspirin cases de- 
veloped failure during the 13-week period 
(table 27). In 21 of these (seven ACTH, six 


*In the one U. K. center where an abnormal'y 
high proportion of basal diastolic murmurs was hea ‘d 
at entry, they disappeared more frequently in t .e 
ACTH group. 
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rtisone and eight aspirin), failure appeared 
iring the treatment period but disappeared in 
| but five cases during the observation period. 
ne of these, a cortisone case, had fatal out- 
me during the observation period and four 
wo ACTH, two aspirin) had persistent fail- 
re at the ninth week. In three cases (one 

.CTH, two aspirin) failure was present at 
‘ie thirteenth week. In one of these aspirin 

ises treatment had been changed to ACTH on 
‘ae twenty-eighth and continued to the seven- 

eth day. 

Thus, among the cases with or without fail- 
ure at the start of therapy, there were no 
marked differences among the treatment 
groups in the behavior of congestive failure. 

Pericarditis was present at the start of 
therapy in 13 of 162 ACTH, 16 of 167 cortisone 
and 9 of 168 aspirin cases, and disappeared at 
approximately the same rate regardless of 
therapy (table 28). In only four of these (two 
cortisone and two aspirin) did the symptom 
reappear following its disappearance. 

Among the cases without pericarditis at the 
start of therapy (table 28), there were 3 of 149 
ACTH, 3 of 151 cortisone and 5 of 159 aspirin 
cases which developed pericarditis for the first 
time during the 13-week period. In nine of 
these (three ACTH, two cortisone and four 
aspirin), pericarditis appeared during the treat- 
ment period. In all 11 cases, it was of short 
duration, persisting in no case until the ninth 
week, and never reappearing after disappear- 
ance. 

Thus, among cases with or without pericardi- 
tis at start of therapy, it appeared and disap- 
peared regardless of treatment. 

Deaths. Among the 497 cases, six deaths 

curred during the one year of follow-up. 

1eir case histories were as follows: 


1.—A 12 year old girl was admitted to a U. K. 
nter in her first attack, with fever, carditis with 
ical systolic murmur and gallop rhythm, ery- 
ema marginatum and elevated sedimentation rate. 
1e was treated with ACTH on the twenty-fourth 
iy of her disease, with symptomatic improvement 
ut with progressive carditis. A basal diastolic 
1urmur, noted intermittently during the first week 
f treatment, later was constantly present, be- 
oming associate] with a basal systolic murmur. In 


TABLE 27.—Congestive Failure: U. K. and U. S., 
All Cases 


Cases with Failure at | Cases Without Failure 
Start of Therapy at Start of Therapy 


Number with failure 
present on first day 
of interval 


Number developing 
failure for first time 
during interval 


Interval from 
Start of Therapy 
in Days oe 


Cortisone 
Cortisone 


| Aspirin 
| Aspirin 


| 
| 
| 


— 
bd or 
— — i OD 


22-28 
29-35 
36-42 
43-49 
50-56 


wO > & 
ww w 
| 
| 


wo 


1 (died) 


64th day 
13th week.... (2) 


—_ 
— ete 


Figures in parentheses indicate number of cases 
on given day in which failure had reappeeared after 
previous disappearance. 


TABLE 28.—Pericarditis: U. K. and U.S., All Cases 


| Cases Without 
Pericarditis at 
Start of Therapy 


Cases with Pericarditis 
at Start of Therapy 


4 Number with pericarditis ake See 
Interval from Start present on first day i PEVICAELNSES 
of Therapy in of interval or first time 
Days during interval 


Cortisone 


| Cortisone 
Aspirin 


Aspirin 


Oonmn 


22-28 
29-35 
36-42 
43-49. . 
50-56 


>wo 


No btw 


(1) 
64th day 1 (1) 
13th week....... 





Figures in parentheses indicate number of cases 
on given days in which pericarditis had reappeared 
after previous disappearance. 


the fourth week an apical mid-diastolic murmur 
was heard and nodules appeared, rapidly increasing 
in number. The acute disease was obviously not 
controlled by ACTH. No additional symptoms ap- 
peared during the three-week observation period. 
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The patient was kept in bed thereafter throughout 
her slow but progressive downhill course, death 
occurring five months after the beginning of treat- 
ment, and one day following her removal from the 
hospital against advice. 

2.—A 7 year old boy with a four-day history of 
precordial, pleural and joint pains, was admitted 
to his local hospital where his sedimentation rate 
was found to be elevated and a diagnosis of rheu- 
matic fever made. He was treated with penicillin, 
sulfonamides and 4 Gm. of aspirin and 2 Gm. of 
sodium bicarbonate a day for 12 days without im- 
provement. During this period he is said to have 
developed ‘‘a murmur” of gradually increasing 
loudness. He became dyspneic and was transferred 
toa U.S. center. On admission he was extremely ill, 
with fever, orthopnea, dyspnea, cyanosis, muffled 
heart sounds, apical systolic murmur, gallop rhythm 
and tachycardia (146 per minute). Bronchial breath- 
ing and rales were heard over both lung fields. A 
diagnosis of rheumatic pancarditis with mitral 
valvular disease and congestive heart failure was 
made and rheumatic pneumonia suspected. The 
patient was treated with digitalis and Thiomerin, 
and admitted to the study in the cortisone group. 
He died 20 hours after admission, having received 
300 mg. of cortisone. Autopsy revealed a large, 
flabby heart with verrucae on the mitral valve and 
left auricular wall. 

3.—A 13 year old gir! with a previous history of 
rheumatic fever and rheumatic heart disease with 
mitral insufficiency was admitted to a U. S. Center 
on the fifth day of a recurrent attack, following an 
upper respiratory infection with sore throat of three 
weeks duration. She was moderately ill with fever, 
polyarthritis, elevated sedimentation rate and 
probable carditis. She was treated with cortisone 
for six weeks with a fairly satisfactory response, 
although the evidence of underlying rheumatic 
heart disease was unchanged. Two weeks following 
end of treatment, she suddenly, for the first time, 
went into congestive failure associated with elevated 
temperature and erythrocyte sedimentation rate. 
Retreatment with cortisone was begun immediately 
but she became rapidly worse and died one day later 
on the fifty-seventh day after admission to the study. 

Autopsy revealed a greatly hypertrophied heart 
with obliteration of the pericardial cavity and 
chronic mitral disease without stenosis; bilateral 
pleural effusions; diffuse pulmonary edema and 
ascites. Microscopic examination showed evidence 
of diffuse active pancarditis. 

4.—A 9 year old boy was admitted to a U. K. 
center with a history of three weeks of polyarthritis 
with two weeks of rash. He was found to have fever, 
erythema marginatum, an enlarged heart and a loud 
apical! systolic murmur. He was admitted to the 
study and aspirin therapy begun. After slight im- 
provement, his temperature rose again, the heart 
shadow became enlarged and a basal diastolic mur- 


mur was heart intermittently. At the end of nine 
weeks, he was still considered to be seriously |l 
and was transferred to another hospital, where |e 
developed increasing congestive failure, which lat:r 
stabilized and then gradually improved. Fo 
months after start of treatment, while still hos 
talized, he became febrile and a group A beta hem 
lytic streptococcus was isolated from his throa ., 
He was treated with penicillin but remained febri ¢ 
for 12 days, after which his temperature returne 
to normal but signs of congestive failure progre - 
sively increased. The patient died one month aft: r 
this relapse, five months after start of treatment. 

Autopsy revealed rheumatic endocarditis my: - 
varditis, cardiac dilatation, a bicuspid aortie val\ > 
(? congenital), and chronic venous congestion « f 
lungs, liver and spleen. 

5.—A 12 year old boy was admitted to a U. F. 
center in his second attack with pre-existing rhe - 
matic heart disease with mitral stenosis. Rheumati > 
fever had continued without intermission for four 
months manifesting itself by nodules, arthriti:, 
erythema marginatum, precordial pain and feve:. 
Physical findings during that period were enlarge | 
heart, apical systolic, mid-diastolic, presystolic ani 
basal diastolic murmurs, enlarged liver, pulmonary 
congestion, elevated sedimentation rate and_pro- 
longed P-R interval. The patient was admitted in 
the aspirin group, received symptomatic benefit, 
followed by relapse at the end of treatment. Four 
additional courses of aspirin were given, the patient 
responding in the same way each time. He was then 
placed on a cortisone schedule but showed no im- 
provement, dying in the fifth week of this treatment, 
in congestive failure, eight months following ad- 
mission to the study. 

Autopsy revealed rheumatic heart disease with 
enlarged heart, mitral stenosis, acute mitral and 
tricuspid endocarditis, Aschoff bodies and _ fibroid 
changes in the myocardium, congestive failure with 
pulmonary edema, and cardiac cirrhosis of the 
liver. 

6.—A 6 year old boy was admitted to a U. K. 
center, severely ill in the seventh week of his first 
(?) attack. He showed evidénce of carditis with 
apical systolic and mid-diastolic murmurs and the 
signs of congestive failure. One subcutaneous nodule 
was noted on the right elbow. The temperature was 
normal and the erythrocyte sedimentation rate 
elevated. Because of intractable vomiting, the 
digitalis and aspirin were temporarily stopped late 
in the first week with immediate improvement. A! 
the beginning of the second week, small doses 0’ 
aspirin (1.2 Gm. per day) were given for three day 
and then omitted because of lack of improvemen 
from therapy. The patient gradually improve 
without treatment but congestive failure persisted 
During the fifth and sixth weeks, aminopyrin 
(0.5 Gm. per day) was given without effect on th 
patient’s gradual improvement which continue 
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util the ninth week. Digitalis was then stopped 
nd the patient discharged to a convalescent home. 

The patient continued in moderate congestive 
iilure, leading a bed and chair existence. Five 
ionths later, he developed an upper respiratory in- 
ection, treated with sulfamethazine and penicillin. 
‘achyeardia (145 per minute) and a pericardial 
riction rub developed. A six week course of ACTH 
vas given with disappearance of acute symptoms, 
ongestive failure continuing. The patient had a 
apid increase in weight, marked moonface and 
noderate hypertension, all of which gradually dis- 
\ppeared. 

Ten months after admission to the study, the 
vatient developed another upper respiratory infec- 
ion, treated with sulfonamide drugs and penicillin. 
fe then went rapidly downhill and was transferred 
sack to the center where he died in severe congestive 
ailure after one week’s treatment with ACTH, 
digitalis and diuretics. 

Autopsy showed hypertrophy and rheumatic 
pneumonia, congestive failure with mitral stenosis, 
cardiac dilatation, acute and chronic lesions of 
mitral, aortic and tricuspid valves, fibrinous peri- 

carditis and numerous Aschoff bodies. 


In summary, there were no appreciable dif- 
ferences in the course of seriously ill cases, since 
the behavior of congestive failure, pericarditis, 
or both, appeared to be similar in the treat- 


ment groups, and there were only six deaths 
(one on ACTH, two on cortisone and three on 
aspirin). 


Retreatments 


Apart from the six patients who died, there 
were some in each treatment group who, dur- 
ing the one year period, were retreated for per- 
sisting or recurring manifestations. Thus, re- 
ireatment was given to 10 of the 161 ACTH 
vases surviving to one year. None of these was 
iven during the three-week observation 
eriod. One was treated for chorea, and one 
‘ad two courses of retreatment. In all except 
he case with chorea, the symptoms demanding 
‘treatment were moderately severe. 
Retreatment was given to eight of the 165 
rtisone cases surviving the one year, one of 
hich was retreated during the observation 
eriod. All were moderately severe cases except 
ne, having only erythema marginatum and 
‘ver. None was retreated for chorea. One case 
‘quired two retreatments. 
Retreatment was given to 19 of 165 aspirin 
ases surviving to one year. Four were re- 


treated during the observation period, two 
receiving aspirin and the other two receiving 
cortisone. Thirteen of the 19 cases were moder- 
ately severe; of the remaining six, five were re- 
treated for recurrent chorea and one for a mild 
illness consisting of elevated temperature and 
sedimentation rate. 

When the cases given retreatment are ana- 
lyzed according to duration of disease at start 
of therapy, it is seen that the differences among 
the three treatment groups are due entirely to 
the chronically ill cases. Thus, in the 0 to 14 day 
group, there were six ACTH, four cortisone 
and six aspirin cases to which retreatment was 
administered. In the 15 to 42 day group, the 
cases were two, one and four, respectively, and 
in the group of those ill 43 days or more, they 
were two, three and nine, a preponderance of 
aspirin cases in this chronically ill group. 

Excluding the cases retreated for chorea, the 
number of cases remains the same in the 0 to 
14 day group, becomes one on each treatment 
in the 15 to 42 day group, and two ACTH, three 
cortisone and seven aspirin in the 43 plus days 
group. 

In summary, retreatment was given to a 
greater proportion of cases in the aspirin than 
in the ACTH or cortisone groups, but this dif- 
ference occurred only among the chronic cases 
and was slightly affected by the larger number 
of cases initially admitted with chorea to the 
aspirin group. 


Side Effects of Treatment 


In both countries, practically all the ACTH 
and cortisone cases showed one, or a combina- 
tion, of the following side effects of therapy: 
moonface, hirsutism, acne or striae. There were 
only 10.5 per cent of the ACTH and 4.8 per 
cent of the cortisone cases with none of these 
side effects by the end of the ninth week (table 
29). These effects were recorded less frequently 
in the U. K. than in the U. S. cases, being ab- 
sent in 15.0 per cent of the U. K. and 6.1 per 
cent of the U. S. ACTH cases, and in 10.0 per 
cent of the U. K. and none of the U. S. corti- 
sone cases. 

There were no appreciable differences be- 
tween the ACTH and cortisone cases in fre- 
quency of moonface, hirsutism or striae, but 
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TABLE 29.—Side Effects of Therapy in ACTH and 
Cortisone Cases: U. K. and U. S., All Cases 


Percentage of Cases Showing Side 
Effect 


Side Eslect ACTH Cortisone 
U. S. Total] U.K. | U. S. | Total 


Moonface. . ‘ 90.: 
Hirsutism 5. 19. 
Acne. 2 | 63. 
Striae 2.8 | 12. 
None 5. 6. 


84.0 | 80.0 | 96.6 | 88.6 
17.3] 13.8 | 16. 15. 
45.1 8.8 | 17.2 | 138.3 
12.3 | 18. 12.6 | 15. 
10.5 | 10. 0. 4.8 


obo 


— > 


Total num- 
ber of cases. 80 82 162 80 87 167 


acne appeared much more frequently among the 
ACTH cases. With the exception of striae, each 
side effect was recorded more frequently among 
the U.S. than among the U. K. cases. Although 
these side effects appeared almost equally in 
the hormone groups, those severe enough, in 
the opinion of the investigator, to require stop- 
ping treatment occurred only among the ACTH 
cases (table 1). 

In addition to the side effects of hormone 
treatment already noted, many others were 
reported, but not being specifically requested, 
they were not uniformly recorded. These in- 
cluded cases of hypertension, mental symp- 
toms, convulsions, renal hemorrhage, water and 
salt retention, glycosuria, infections, hepato- 
megaly, febrile reactions, pigmentation, in- 
creased fat deposition and unusual increase in 
appetite. * 

Relatively few aspirin cases developed side 
effects, and these all appeared in the first week 
of therapy in both countries while the dosage 
was relatively high. In the U. K., among 80 
-ases there were 4 with tinnitus or deafness, 7 
with nausea and 1 with hyperventilation. Com- 
parable figures in the 88 U.S. cases were 9, 19 
and 5. The few side effects and the maintenance 
of the dosage schedule of aspirin without in- 
terruption, except in a rare case, suggests that 


* With an initial average body weight of a little 
less than 70 pounds in each treatment group, patients 
on ACTH and cortisone gained by the end of the 
ninth week an average of 11.3 and 11.8 pounds, 
whereas those on aspirin gained an average of 4.3 
pounds. 


these cases did not receive the maximum t 
erated dosage. 

In summary, very few patients in the ho 
mone groups did not exhibit one or more sic e 
effects. Further, there was little difference b 
tween U.S. and U. K. cases on differing sche 
ules of ACTH or between those on ACTH ai 
those on cortisone in either country (table 29 . 
In other words, the dosages of both hormon 
were large enough to produce a recognizab 
side effect in nearly all cases. 


DISCUSSION AND CONCLUSIONS 


The object of the present cooperative stud 
set up in 1950, was to measure the relative ¢ 
fects of ACTH, cortisone and aspirin whe 
given uniformly in all centers according 
defined schedules. These schedules (dosage 
periods of administration and auxiliary the:- 
apy) were based mainly upon existent know 
edge regarding apparent efficacy and toxicity. 
They had also to be practicable, not only in 
the length of time that patients could be kept 
in hospital during the trial itself, but to allow 
their subsequent application in medical prac- 
tice if they proved to have value. It is obvious 
that innumerable other studies could be de- 
signed employing larger (or smaller) dosages, 
longer (or shorter) periods of treatment or 
individualized dosage schedules which would 
need to be based on predetermined criteria for 
changes in dosage. It cannot be maintained 
that such other schedules are either more or 
less effective than those used here without ade- 
quate controlled study. 

Evaluation of treatment of such a complex 
and not wholly understood disease as rheumatic 
fever poses a large number of problems. Acute 
rheumatic fever may be considered a specific 
type of generalized inflammatory reaction but 
no means are available for measuring this 
quantitatively. Since it is impossible to corre- 
late the observed manifestations with the 
severity of the pathological process, it must b 
accepted that the available data may repr« 
sent only approximate indices of the severit:’ 
of the disease. Furthermore, since many of th: 
clinical evaluations are subjective, their in 
terpretation must take into account observe’ 
error and acuity. For example, although ther : 
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general agreement as to the importance of 
ical mid-diastolic murmurs as an index of 
rditis, inconsistencies in reporting them and 
ficulties in distinguishing them from a third 
art souhd or gallop rhythm gave this index 
icertain value in this study. In general, such 
ficulties were reduced by the large number of 

\tients in each treatment group and by the 

jual allocation of the three drugs within each 
: udy center. 

Other difficulties encountered in the evalua- 
(.on of certain data were the lack of normal 
- andards and the absence of normal values to 
-orve as base lines at the start of therapy. More- 
over, variables which have been analyzed 
separately may be interdependent. An example 
of these difficulties is interpretation of the 
changes in P-R intervals with changing pulse 
rates and heart size. 

In addition to grouping by duration of dis- 
ease, various types of classifications of patients 
were made. The most useful was based on the 
presence or absence of cardiac involvement on 
udmission to the study. Owing, however, to 
the random allocation of patients to treatment 
and the consequent balance of characteristics, 
such additional groupings had roughly equal 
numbers in the three treatment groups. Each 
manifestation was analyzed in several ways 
and that method chosen for presentation, which 
gave the clearest picture. 

It should be noted that nowhere in this re- 
port have analyses of combinations of measure- 
ments and clinical signs been presented. Since 
in clinical practice the patient is assessed as a 
whole, attempts were made to integrate the 
separate manifestations in individual patients. 
These attempts were unsuccessful in pro- 
v ding new information, but observing each 
‘se over the entire 6 to 9 week observation 

riod, the proportion without any manifes- 

tion of rheumatic fever was found to be 
eater in the aspirin than in either of the 
rmone groups. This difference was observed 
\ hether or not a murmur at this time (6 to 9 
eeks) was considered to be a manifestation. 
~ hus, including a murmur as a manifestation, 
tiere were with no manifestations at all, 11 
(ises on ACTH, 11 on cortisone and 25 on 
‘spirin. This difference, however, is almost 


entirely due to the smaller proportion with an 
elevated erythrocyte sedimentation rate and/ 
or raised pulse rate among the cases in the 
aspirin group. Adding the cases with only these 
signs to the group showing no manifestations, 
the numbers of the latter become 34 on ACTH, 
32 on cortisone and 34 on aspirin. If the pres- 
ence of a murmur at this time (6 to 9 weeks) is 
not regarded as a manifestation, the numbers 
with no manifestations during the whole 6 to 9 
week period were 31 on ACTH, 26 on cortisone 
and 53 on aspirin. Adding to these the cases 
with only an elevated erythrocyte sedimenta- 
tion rate and/or raised pulse rate, the figures 
become 71 on ACTH, 62 on cortisone and 72 
on aspirin. 

In attempting to assess the relative efficacy 
of ACTH, cortisone and aspirin in altering the 
acute disease or suppressing its manifestations, 
the following conclusions appear permissible. 

1.—During the acute illness and the first year 
of follow-up, very few deaths occurred, one in 
the ACTH, two in the cortisone and three in 
the aspirin group. Retreatments were given to 
some cases in all three groups, but apart from a 
slight excess in the late-treated cases on 
aspirin, there was no marked difference in the 
groups. 

2.—The temperature and pulse rate during 
sleep returned to normal during treatment in 
the great majority of cases in all treatment 
groups, but there was a greater tendency in 
the groups treated with the hormones for the 
rates to become elevated in the 6 to 9 week ob- 
servation period. 

3.—The erythrocyte sedimentation rate de- 
creased more rapidly during treatment in the 
hormone treated groups but was elevated more 
frequently in the 6 to 9 week observation pe- 
riod. There were no differences between the 
treatment groups at the thirteenth week. 

4.—The behavior of joint involvement, 
chorea and erythema marginatum was essen- 
tially the same in the three treatment groups. 
Nodules, however, disappeared more rapidly 
in the patients treated with ACTH and corti- 
sone although new nodules appeared in some 
patients during treatment in all three groups. 

5.—The analysis of the effects of the drugs on 
carditis, while undoubtedly most important, is 
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especially difficult and the conclusions the least 
clear. The following, however, seem justified: 
a. There appeared to be no relationship 
between the treatment given and the be- 
havior of congestive failure and pericardi- 
tis. 

. There was more frequently an increase in 
heart size as measured by a change of 0.6 
cm. or more in each of the hormone groups 
as compared with the aspirin group. This 
may be related to a possible increase in 
blood volume or in some cases to abdom- 
inal distention. It was not related consist- 
ently to weight gain since heart size in- 
creased frequently in the 0 to 3 week 
period of treatment and much less fre- 
quently in the observation period (6 to 
9 weeks) although the average weight 
gain during these two periods was very 
similar. At the one-year follow-up exam- 
ination, there was no appreciable differ- 
ence between the three groups. 

. The appearance for the first time of 
apical systolic murmurs was infrequent in 
all three treatment groups and unrelated 
to therapy. No consistent difference in the 
behavior of murmurs present at the start 
of treatment was noted except that the 
soft apical systolic murmurs disappeared 
more rapidly in hormone treated groups. 
At the end of one year, however, no sig- 
nificant difference remained. The dif- 
ferences in the treatment groups with 
respect to apical mid-diastolic murmurs 
in the U. K. and basal diastolic murmurs 
at one U. K. center have been discussed. 

. The P-R intervals decreased more fre- 
quently and more rapidly in the hormone 
groups than in the aspirin group. This dif- 
ference between the groups lessened dur- 
ing the observation period and was absent 
at nine weeks and one year. Since the 
values at these later times might be closer 
to normal than those recorded during acute 
illness, it may be questioned whether the 
early decrease is an effect of the hormones 
on the disease or merely a direct effect on 
atrioventricular conduction time. 

. At one year the proportion with residual 
cardiac damage was similar in the three 


treatment groups. A final determinaticn 

of cardiac status must await results of 

prolonged follow-up. 
It is apparent that this study presents no e\ 
dence that rheumatic fever in children can | 
uniformly terminated by any of the thr: 
agents. There is evidence that hormone trea 
ment results in more prompt control of certa 
acute manifestations, but this more rapid di 
appearance is balanced by a greater tendenc ; 
for them to reappear for a limited period of tin 
at the end of treatment. Treatment with tl 2 
hormones also leads to the more rapid disa 
pearance of nodules and of soft apical systol ¢ 
murmurs. At the end of one year, however, 
is clear that there was no significant differen: 2 
between the treatment groups in the status «f 
the heart. 


SUMMARY 


1.—Six centers in the United Kingdom, five 
in the United States and one in Canada have 
collaborated in a trial of the relative merits of 
ACTH, cortisone and aspirin in the treatment 
of acute rheumatic fever and the prevention of 
rheumatic heart disease. The present report 
relates to children under the age of 16 and com- 
pares the effects of the three drugs on the acute 
course of the disease and on the persistence 
and development of rheumatic heart disease 
through one subsequent year. 

2.—The records of 497 patients are presented 
(240 U. K. and 257 U. S., including the Ca- 
nadian center in the latter). Each case met 
specified diagnostic criteria on admission to the 
trial and was allocated at random to treat- 
ment with one of the three drugs. Each treat- 
ment was given for six weeks according to a 
defined schedule and detailed observations 
were continued for a further three weeks. Fol- 
low-up examinations were made at specified 
times after these nine weeks and the present 
report extends to the examination made one 
year later, i.e., 61 weeks from the start of 
treatment. 

3.—The study was designed to insure 4 
balance of cases in the three treatment grou} s 
for each center, for the duration of illness : t 
start of treatment and for the time of ye:r 
when cases were admitted. Random allocatic 1 
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0 cases within this balanced design was relied 
on to secure a reasonably equal distribution 
cases according to age, sex, severity and fre- 
ency of manifestations of disease. This de- 

; sn permits many comparisons of the total 

g oups on each treatment. 
4.—In 51 per cent of the patients, treatment 
is begun within 14 days of the onset of the 
tack; in nearly two-thirds there was no his- 
ry of a previous attack or evidence of pre- 
isting rheumatic heart disease. The treat- 

:ents were, therefore, tested on patients of 
hom a large proportion were still in the early 

sages of the disease and had no established 
art disease. 
5.—The three randomly constructed groups 
1 ACTH (162 cases), cortisone (167 cases), 

nd aspirin (168 cases) were notably alike in 
most respects at the start of the trial. The 
results of the treatments were measured in 
relation to separate manifestations of the dis- 
ease, Viz., temperature, pulse rate during sleep, 
erythrocyte sedimentation rate, joint involve- 
ment, chorea, erythema marginatum, nodules 
and such aspects of the status of the heart as 
heart size, atrioventricular conduction time, 
murmurs, and, in particular, those indicative 
of serious illness, namely, congestive failure 
and pericarditis. 

6.—There was no evidence that any of the 
three agents resulted in uniform termination of 
the disease and on all treatments some patients 
developed fresh manifestations during treat- 
ment. Treatment with either of the hormones 
resulted in more prompt control of certain 
acute manifestations but this more rapid dis- 


appearance was balanced by a greater tendency 


for the acute manifestations to reappear for a 
limited period upon cessation of treatment. 
Treatment with the hormones also led to more 
rapid disappearance of nodules and soft apicai 
systolic murmurs. At the end of one year there 
was no significant difference between the three 
treatment groups in the status of the heart. 
During the period of treatment, observation 
and one year of follow-up there were only six 
deaths among the 497 cases under the age of 16, 
admitted to this study. 
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APPENDIX 
Study Form 1 


Hosp. No. 


Admission Report 


Study center 


Name of patient... ncccccccocccsseeeesseeee a 


Date first 
observed in 
this attack 


Has condition 
been present 


Major Manifestations in this attack 


Active carditis Yes 


o. Development of or change in murmurs Yes 


b. Increase in heart size 
c. Pericarditis 
d 


. Congestive failure 
(1) Dyspnea 
(2) Orthopnea 
(3) Liver enlargement 
(4) Rales 
(5) Increased jug. ven. pressure 
(6) Edema 
Polyarthritis (2 or more joints) 
Chorea (definite) 
Nodules 
Erythema marginatum 





GOguURHOOURODaEUt 
GBOOOGROOUOURUOoU 


Minor Manifestations 
Fever 
Elevated ESR (1 5 mm./hr or over, corrected Wintrobe) 
Previous strep. infection 
a. Positive culture 
b. ASO titer 
c. Sore throat with fever 


o000 
Oo Gauu 


0 
Yes 0 


Previous history of rheumatic fever or rheumatic heart disease: 


Increased P-R interval Yes 
(a) Total No. of attacks including present attack.. 
(b) Date Vst cotta enn 
a ee 
I I an casisncinsics cack a ccetinncsesseectmicenewinesinistei 
(c) Residual heart damage from these or any unrecorded attacks: 
(1) History of —..... sean 
(2) Present findings .. keene 2 : 
Previous Therapy Date begun Total amt. given 
ACTH (any attack) scien senate 
Cortisone (any attack) 
Salicylates (this attack) 


Reliakility of history 
Manifestations. 


Date stopped 


General description of patient's 


Present diagnosis Anot................. 


PN, isnt 


27. Investigator (sign.) .. 
28. Date reported to center. 


COOPERATIVE RHEUMATIC FEVER STUDY 


ue 4, Date adm. to center... oscar 
ee 


Is condition 
Present ot sttrt 
of therapy 


2. Study No............. 


Date therapy begun... 
9. Sex - 10. Race... 


Acceptable 
as criterion for 
admission to study 


Oo YesO NoQ 


ODoea BOO RUGoUO 
ooo00o00g00o000000 


Max. measurement 
in present attack 


Yes 
Yes 


Questionable 0 Poor 


Date onset (present attack) 
Study group (check box below) 


Duration from 
onset 


__0-14 da 
_15-42 da 
43 da and over 


Age 


Under 16 yrs. 16 yrs. ond over 


Therapy group: ACTH () Cor. O Salic. o 
Excluded from study 

(If case was excluded from study explain fully 
on back of form) 


American Council on Rheumatic Fever — Medical Research Council of England 
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Study Form 2, part 1 


Progress Report No. 
Date of beginning of this record sheet 
Date of end of this record sheet 
Principal investigator (Sign) 


Nr a ore 


COOPERATIVE RHEUMATIC FEVER STUDY 
American Council on Rheumatic Fever — Medical Research Council of England 


“ON joudsoY 


jueHOg 4O QwWOK 


Form 2 | 
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Study Form 2, part 2 


1. Hosp.No,______________ Progress Record Sheet No. 2. Study No. 


DR IN riserrsninninsicninenineeensinnniniiemammniiimnn hh, Dep ein.te coder _____.___... S, Date thempy beque 
ee a 9. Race 


a 
= 


(b) Days from onset  ccselhiensiiienatl lec la eal die at te cele ad 
Jc) Dey of theron, cee acl ell elle en ee aE Re aD 
(call caedliaaall 


. Temp. (highest for day) 
12. Sleeping pulse coal aiatll cecal decal tee ciel cands aaah cnet aett beep oes haga cad anadenn anathackeadl 
3. Weight ceeded nceilllieeetiliaseg ican dma eat centl eeadl acetal ieealicon: A onsiRnmahece cd aad 
4. Blood pressure (alana sal acne the acelin Rael ee 
5. Gallop ileal clei etl cael Sill aaadiet i elena 
16. Arrhythmias ‘a . illlsousli anil cath neaiassl aaa’  cclcailiniaallianalscel 
ia el iE eel etal 


17. Meron a | 
a ee 
ee 
P| 
d. Apical presystolic i) a 
18. Precordial pain 


Ea Coe 
19. Pericardial (a) rub ee 
ee ee 
3. Orthopnea eed Se eg ee ee eee ee 
b. Dyspnea ed 


d. Edema 


General 


a. Apical organic systol, 
b. Apical mid diastolic 
c. Basal diastolic 








Heart 








f. Jugular venous press. 


a 


21. (0) TO/ID 
(b) Contour 
22. PR’ Vent. rate 




















—_— oo 


25. Joint involvement 








27. Erythema marginotum 
28. Chorea 


Other 





31. ASO Titer 
32. ESR (uncorrected) 


34. Eosinophiles 





Ht 





36. CO: (meq.) 





Laboratory 








w 
N 
x 
3 
3 


38. Urine sugar 


w 
o 











$-++-+-+4-4-+ + 4+ 4 


41.A C S§ 24hr. dosage || a a 


No. doses/day)| 
42. KCl added 
43. Digitalis 











Therapy 




















Arcee en eeegoey, 


Chemotherapy 











- Toxic symptoms 


. Gen'l cond. of patient | 
































S/alala 
OL OIN|TO® 
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Study Form 2, part 3 


Progress Notes 








. a io ‘ eT ee 


Observer 


So 





a 





+ 
| 


} 


—4-$-+-$-}--} + 4-4 











Weekly Summary of General Condition of Patient 
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Study Form 2, part 4 


SN OR ccsccrcncenccs S. Ouly Me. 


Side Effects of Therapy 


. Study center............ : edbicsilscaatcccatacply .. 4, Date adm. to center... ... 5. Date therapy begun............... 
. Name of patient... pacoepicalecicsiiaeiiigin ae Vo SR nines 


= as 
Date of Ist | Date of Dis- 
Symptom | Appearance | appearance 


. Moonface a | m2 





Describe Severity 











. Abnormal fat deposition | 
. Hirsutism | 
. Acne | 














. Strice 








. Amenorrhea 
. Mental changes (specify) | 
a. | 
b. 











c. 


| 
| 





| 
{ 





. Weakness 
. Pigmentation 
. Other (specify) i 
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. ECG oa. PR... 
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Study Form 37 


1. Study No. 


Evaluation Report 


. Name of patient — 


History Since Last Evaluation 


. Working or attending school: Yes No O 

. a. At home No. of days -..................Dates... 

Reason cia 

No. of days 

Reason 

c. Inconv. home —- No. Of Days nnnnneeeeennnnee NG icccreetertinnen 


b. In hospital 


Reason 
Prophylactic regime followed 
a. Well (6-7 days per week) 
b. Poorly (5 or less days per week) O) 
c. Urine test__.__._____. Blood test. 


. Observations and complaints since last evaluation 


(Amplify on reverse items checked ‘‘Yes") 
. Fever Yes ROT. RR iaerctiriecees 
. Coryza No 
. Sore throat No 


IR cicicicitninisincen 
i icccsiierinitancticanactances 
I eiccnisssiscsiintastecainician 
Dates. 

DOR icsteeenne 


a 

b. 

¢ 

d. Swollen glands No 
e. Rash No 
f. Nose bleed No 
g. Chest pain i icccnnnintasn 
h. Abdom, pain No 
i. Vomiting 

j. Anorexia No 
k. Dyspnea No 
1. Orthopnea No 
m. Joint pains No 
n. Nodules No 
o. Chorea No a 
Pp. Dates. 


. Therapy since last evaluation (Specify on reverse how given, 
dates and amounts) 


a. Aspirin YessO No QO 
b. ACTH YesOO NoO 
c. Cortisone YessO NoO 
d. Antibiotics YessO NoO 
i ONAN cee acres 


NIG isicisciiviniisssciiants 
ET 
en 
i iseccccsccteresicinsncios 
NR sciatica 
ee 
es 


GOGO RDOORDEOoOLVO.G 


. laboratory results (since last evaluation) 
ESR (uncorr.) 


Present exam. 
Present Evaluation 


5 Re BED vccnit (Oy... c. Effusion Yes NoO 
d. Contour waewnnnnen @, Enlarg. YesO No O 
el 


3. Date adm. to study -. 
5. Date of last evaluation 


Physical Examination 


i: CONGR: cocccronnnacisoantinivsaccciaminm TOs Chaves (Grade: O-St...... 


Weight == 19. Joints (Grade 0-3). 


a: WIIG: caciccmcrenmaciesseniines 20s Wadelese Vest} Me G] 


B.P. (supine). “ 21. Rashes YesseO No QO 
(Amplify on reverse items 18-21) 


OE cic cesta 


. Gallop No 0 Type 
. Rhythm 

. Friction rub 

> «~PAL. 

. Thrills 


a Time. 


. M, accentuated YeseO NoO 


P, accentuated YessO NoO 


. Evidence of failure 


a. Dyspnea YessO NoO 
b. Orthopnea YesO NoO 
c. Rales YessO NoO 
d. Liver enlg. YessO NoO 
e. Edema YessO NoO 
f. Inc. venous press. YessO NoO 


« Murmurs (If Yes", describe on reverse intensity, quality, dura- 


tion, time in cycle, transmission) 

a. Mitral systolic YessO NoO 

b. Mitral diastolic YessO NoO 

c. Aortic systolic YessO NoD 

d. Aortic diastolic YessO NoO 

UN ne tects iceecteteeereceectmncoonines ei 
DI ences 
a INN scars aeisienecicicannsaiaapiaccencnalbiniae 
IS I IIe ssacitaicasscctiannsebiancrrenneannitiaeinnnimnisie = 


. Has there been rheumatic activity: None 1) 


Continued 0 Exacerbated ) New attack 0 
i iacnceeisiniiterceeictncerini 


i Mmmm. Di Caan 
Date examined .............-..—- 
. Prin. Investigator (sign) 
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The Opening Snap of the Tricuspid Valve: 
A Physical Sign of Tricuspid Stenosis 


By Cuarues E. Kossmann, M.D. 


In two patients with rheumatic heart disease a short, loud, high pitched, early diastolic, snapping 
sound was heard at or below and to the right of the xiphisternum. Except for the different area of 
audibility it was similar on auscultation to the opening snap of the mitrai valve. Both patients 
showed clinical evidence of tricuspid as well as mitral and aortic valvular disease. There was 
hemodynamic evidence of tricuspid disease in one, and the other displayed tricuspid stenosis at 
necropsy. The abnormal sound was regarded as the opening snap of the tricuspid valve. 


HE precise clinical localization of strue- 

tural valvular defects in the heart, and 

an exact estimation of the dynamic al- 
terations caused by them have assumed con- 
siderable practical importance with the advent 
of surgical procedures for the correction of 
such defects. Among the more difficult of 
these to diagnose clinically is tricuspid steno- 
- sis. Since surgical treatment of it can be, and 
has been, successfully achieved,':?:* any addi- 
tional aid in its preoperative detection should 
be of more than academic interest. 

Neither the mitral valve or the 
normal tricuspid valve make any sound on 
opening at the termination of isometric relaxa- 
tion of the ventricles. Luisada*: > has recorded 
a single vibration in normal subjects in early 
diastole which he regards as originating from 
the opening of the atrioventricular valves, but 
unlike the sound arising from pathological 
valves it is of low frequency. Disturbing, too, 
is that it may occur before the peak of the V 
wave in the jugular phlebogram. By contrast, 
the structurally deformed mitral valve was 
believed as early as 1872° to make a sound 
which has come to be known as the opening 
snap of the mitral valve.’ It is short, of snap- 
ping quality, and occurs anywhere from 0.03 
to 0.014 second after the beginning of the 


normal 
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second heart sound.®: ° It is usually heard be +t 
in the region of the fourth rib at the le't 
sternal border, but this may vary to incluce 
the pulmonic and left nipple regions of the 
precordium. Occasionally it may be heard elsv- 
where but never louder than in the regions 
noted. It is believed to be created by the open 
ing of stiffened, not rigid, mitral leaflets. !t 
has come to be regarded as being as pathog- 
nomonic of mitral stenosis as the apical dias- 
tolic rumbling murmur associated with this 
lesion.® 

So far as could be determined, the first 
reference* to the creation of a sound by the 
diseased tricuspid valve was made by Rivero- 
Carvallo’ who heard or recorded the ‘“chas- 
quido de apertura de la trictispide” in 10 of 50 
cases with tricuspid stenosis. No details were 
given although he pointed out that it was less 
intense, shorter, and sharper than the corre- 
sponding snap of the mitral valve, and could 
sasily be confused with it if the latter were 
propagated toward the tricuspid region of 
auscultation. He published one example in 
which the opening snap was recorded only 
during a period of postinspirational apnea. 

It is the purpose of this paper to describe 
two additional patients with this new physice! 


*The present author’s initial observations wer: 
made late in 1952 and early in 1953 without knowledg 
of Rivero-Carvallo’s paper. The latter was called t 
his attention by Dr. A. A. Luisada at the rece! 
Second World Congress of Cardiology. He takes thi 
opportunity to thank Dr. Luisada for pointing ou 
the unintentional omission of this reference in th 
paper as presented. 
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on, in both of whom the existence of tri- 
ispid disease was clinically obvious, and in 
ie of whom the lesion of tricuspid stenosis 
‘ as proven at necropsy. 


Case 1. E. 8., a 34-year-old, single, white man, 
veloped acute rheumatic polyarthritis after 
1eumonia at the age of 11 years. While still being 
served in another hospital during the acute at- 
ck, evidence of mitral stenosis and mitral insuffi- 
ency developed. 

He first came under our observation at the age 

° 15 years when the diagnosis of mitral valvular 
formity was confirmed. He was seen regularly 
the Cardiac Clinic. At 18 the basal diastolic 
1urmur of aortic insufficiency appeared. In 1941, 
t the age of 20, the first symptoms of diminished 
‘ardiae reserve occurred. Active rheumatic carditis 
as suspected, and he was admitted to the hospital 
wr the first time. However, the suspicion was not 
confirmed by the laboratory data accumulated. 

At 21 years of age the first bout of atrial fibrilla- 
tion occurred which was treated with quinidine. 
Between the ages of 21 and 26 years there were 
repeated attacks of palpitation documented on 
three additional hospitalizations as atrial fibrillation, 
and on several clinic visits as either this arrhythmia 
or normal sinus rhythm with atrial and ventricular 
premature systoles. Control was restored by manipu- 
lation of the dosage of quinidine, on one occasion 
preceded by temporary digitalization. 

In the summer of 1946, when the patient was 26 
years old, he was admitted for the fifth time to the 
hospital for his first bout of congestive heart failure. 
Ile was critically ill and the course was complicated 
by development of an atonic bladder and a small 
cerebral embolus with partial and transient paralysis 
of the right arm and the right side of the face. Rather 
large doses of digitalis were required to bring the 
ventricular rate under control. The fibrillation of 
the atria became permanent. At the end of five 
months he was well enough to return to the clinic 
on digitalis. 

Except for the development of a renal infarct 
in October 1947, the patient was fairly well for the 
next four years, sometimes requiring as little digi- 
tilis as 0.05 Gm. five days per week. 

In 1950 he began to have four to seven bowel 
i .ovements a day. For this symptom he was studied 
«n his seventh, eighth, and ninth admissions to the 

ospital between April 1951 and June 1952. Gastro- 
itestinal reviews revealed only an enlarged liver 
hich on biopsy revealed increased fibrosis sugges- 
ive of cirrhosis, and an elevated serum bilirubin 
3.3 mg. per 100 ec.). Soon thereafter pulsation of 
he liver was noted, and tricuspid insufficiency was 
dded to the diagnosis. 

Late in 1952, when the patient was 32 years old, 
n early diastolic snapping sound was heard in the 
ourth right intercostal space 3 em. lateral to the 


right sternal border. This tenth admission to the 
hospital was for palpitation and dyspnea as were 
the next three admissions, the last in February 1954. 
In each instance the patient was found to have a 
rapid ventricular rate, was quite ill, and was given 
additional digitalis either as ouabain or Digoxin 
intravenously despite the fact that he had been 
faithful in taking his ‘‘maintenance”’ dose. In each 
instance the ventricular rate was reduced quite 
promptly to acceptable levels at which palpitation 
disappeared. The fourteenth and fifteenth admis- 
sions were for special studies. 

The physical findings varied over the years. At 
the time of most of the stethographic studies in 
1953 and 1954 the cardiac examination revealed 
the following: There were three distinct impulses 
visible and palpable on the anterior thorax. The 
easiest to see was a systolic retraction in the right 
fifth intercostal space just medial to the nipple. 
The apex beat in the fifth intercostal space just 
beyond the left midclavicular line was also a retrac- 
tion. Below this, the lower and outer point in the 
sixth intercostal space near the left anterior axillary 
line was palpable as a retraction but could not be 
seen. The third impulse was of the xiphoid itself 
which was thrust forward with systole in a visible, 
forceful manner. A long diastolic thrill was felt at 
the apex with the patient in the left lateral supine 
position. The first sound at the apex was poor; at 
the base the pulmonic second sound was louder 
than the aortic second but neither was unusually 
loud. A moderately loud blowing, transmitted sys- 
tolic murmur and a long, holo-diastolic, decrescendo, 
rumbling diastolic murmur were audible at the 
apex. A soft systolic blow and a soft diastolic blow 
were heard along the lower left sternal border but 
no sound simulating the opening snap of the mitral 
valve could be heard in this area. In the aortic 
region there was a soft systolic blow also. At the 
xiphoid there was a loud, harsh, rasping systolic 
murmur transmitted upward and to the right and 
followed by an early diastolic rumble of different 
quality than the one at the apex. Upward and far- 
ther to the right near the fifth rib in the right para- 
sternal line this murmur was blowing rather than 
rumbling in character. On the lower right anterior 
thorax in a roughly triangular area with its apex 
at the fifth rib in the right anterior axillary line 
and its base extending along the costal margin from 
the fifth rib in the midsternal line to the eighth 
rib in the anterior axillary line (figure 1, E. 8.) 
there was a loud, snapping sound occurring immedi- 
ately after the second sound and ascribed to the 
opening of a deformed tricuspid valve. The area of 
audibility indicated was that found in 1954. A year 
earlier it was farther to the left and included the 
xiphoid but did not extend beyond the left sternal 
border. The ventricular rate was approximately 
50 per minute, and premature systoles with coupling 
were common. The blood pressure averaged 120/80, 





OPENING SNAP OF TRICUSPID VALVE 


Fig. 1. Approximate areas (shaded) in which the 
opening snap of the tricuspid valve was heard in case 
1 (E.S.) white male, age 34, and in case 2 (EL. C.) white 
female, age 45. In case 1 the area is the one in which 
the snap was heard in 19&4. A year earlier it could be 
heard farther to the left and lower near the xiphi- 
sternum. (See fig. 4.) 
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esophagus was displaced posteriorly and to the rig tt. 
The hilar shadows were prominent. 

Electrocardiograms were recorded frequently jor 
19 years. The changes which occurred may be se>n 
in a record taken in 1940 and another in 1934 
(figure 3). During this interval, in addition to tie 
changes in rhythm, there was a gradual wideni ig 
of the QRS interval to 0.11 second, and develc 9- 
ment of a form and axis of QRS deviated to tie 
right ascribed to incomplete block of the rig it 
bundle-branch. There was on occasion a rapid ve 2- 
tricular rate at which time the QRS interval wou d 
usually be longer. In the record of 1940 the | ft 
deviation of the electrical axis of the P wave is o 
be noted.”! 

Stethograms were recorded on several occasio is 
in 1953 and 1954. An example of one made on M: y 
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Fig. 2. Case 1 (KE. §.). Teleroentgenograms made on Jan. 3, 1941 and 13 years later on April 8, 
1954. The considerable enlargement to the right, the elongation of the right atrial curve, and the 
bulge of the middle of the left border which developed over the interval are to be noted. The right 
atrial enlargement is particularly suggestive of tricuspid valvular disease. 


and for a good many years had varied between 90 
and 130 systolic, and 60 to 90 diastolic. There were 
none of the usual peripheral phenomena of aortic 
insufficiency. However, both the large liver and the 
dilated jugular veins pulsated with systole. Although 
the spleen was enlarged it could not be felt to pul- 
sate. 

Roentgenograms. The change in the x-ray appear- 
ance of the heart over the years is demonstrated in 
figure 2. Fluoroscopy on many occasions disclosed 
evidence of marked enlargement of both atria, and 
of the right ventricle, less of the left ventricle. The 


18, 1953 is shown in figure 4.* At this time, the 
opening snap could be heard farther to the le't 


*The stethograph of the Cambridge Instrument 
Co." was used to make this and the record in figure * 
Its characteristics were not tested but its galvan»- 
metric response to sound waves is reported by t! 
company as being approximately stethographic"’. 
The frequency response curve falls below 50 a1 
above 600 cycles per second, and shows a peak 
400 cycles per second. Overall recording with amplifi r 


and microphone in circuit causes some modificatio: 3 
of the eurve deseribed. 
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‘ar the xiphoid than was the case in 1954 (figure 1). 
|e simultaneous mechanical record is a_ right 
; gular phlebogram with the bifid appearance 

aracteristic of tricuspid insufficiency when the 

ria are fibrillating.“* The records clearly show a 

cond sound which begins 0.40 second after the 

ginning of the QRS interval (Q-2), a similar 
ilue being found in the basal record (0.41 second). 

n the other hand, the interval from the beginning 

QRS to the beginning of the opening snap (Q-O.S.) 

0.53 second. Other phonocardiograms were made 

om other areas both by stethographic and loga- 
1) thmie recording. One of these was calibrated, and 
i vealed an intensity of the snap of approximately 

) decibels. A feature not revealed by auscultation 

as a split second sound in the pulmonic area. An 
pening snap of the mitral valve was not recorded. 

The interval between the beginning of the second 
sound and the beginning of the opening tricuspid 
snap varied from 0.097 second to 0.129 second with 
« mean of 0.111 second (10 observations). It showed 
a general tendency to elongate when the preceding 
cycle was longer’: '8 but the relationship in this 
patient was not definite. It was a little better when 
the interval between the highest peaks of the two 
sounds were used as reference points for the inter- 
val. Because of frequent premature systoles with 
coupling it was difficult to get many cycles uncom- 
plicated by the arrhythmia. 

Cardiac catheterization* was attempted on April 
7, 1954 and again nine days later. In each instance 
the voluminous right atrium was entered easily 
but with no amount of manipulation within the 
safe limits of the necessary fluoroscopic radiation 
was it possible to get the catheter’s tip through the 
presumed button-hole tricuspid orifice. Success 
in this regard was undoubtedly thwarted further 
by a vigorous systolic jet, which during one set of 
observations carried the regurgitant pressure in the 
right atrium to 40 mm. Hg, with a diastolic pressure 
of 21 mm. Hg and a mean of 25 mm. Hg. 

Atrial pressure pulses on another occasion were 
made simultaneously with an electrocardiographic 
lead (aVr) and with a stethogram. The latter was 
recorded linearly after passing the sound through a 
filter with a band passt of 400 to 800 cycles per 
s ‘cond. The atrial pressure recorded by strain-gauge 
t-ansduction, electronic amplification, and cathode- 
ry oscilloscopic visualizationt showed a_ bifid 
s stolie curve with a rapid fall in early diastole. 

v wave could not be recognized but of possible 
: gnificance in interpretation was that the opening 


* The author had the indispensable help of Drs. 
lfred Kaltman, Rejdne M. Harvey, and George 
‘homson in doing these studies. 

+ Filter on the Cambridge Instrument Company’s 
‘ape Recorder. 


t Manufactured by Electronics in Medicine, New 
“ork. 


Fig. 3. Case 1 (E. 8.). Bipolar leads I, II and III 
(top line) made on Oct. 23, 1940 when the patient was 
taking no medication. The P waves are broad and the 
axis of P deviated well to the left, but the record is 
not otherwise beyond normal limits. The lower two 
lines show electrocardiograms made on April 8, 
1954 when the patient was taking digitalis. In each 
frame two electrocardiograms are recorded simul- 
taneously. The symbols have the usual meaning.” 

In the interval between records the electrical axis 
of QRS has deviated to the right, the QRS interval 
has increased to 0.11 second, and the form of the 
ventricular deflections in leads I, Var, V3r, and V; 
suggest the presence of some block in the right bundle 
branch, and hypertrophy of the right ventricle. 
Records from the left side of the precordium show 
relatively high R waves. A ventricular premature 
systole occurred while recording leads V2 and V3. 

Leads V, through Vg (last three frames, lowest line) 
were made with the galvanometer at half normal 
gain (1 mv = 0.5 em). Time lines, 0.04 second. 


snap occurred approximately 0.03 second after the 
pressure curve began rapid descent (dashed vertical 
lines in fig. 5) and 0.05 second after initial slower 
descent. Although much distortion of the pressure 
pulse probably exists, recorded as it was through a 
cardiac catheter,!> nevertheless the abnormal sound 
occurred at an appreciable interval after a rapid 
fall in pressure began, and actually at a time when 
the steepest part of the curve had passed (see 
Discussion). 

The similarity of the atrial pressure pulse to the 
jugular phlebogram (figure 4) and the hepatogram 
(figure 6) recorded by means of a piezo-electric 
microphone with linear displacement placed on the 
abdomen over the liver is to be noted. 
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Fic. 4. Case 1 (E. 8.). Stethograms made with the microphone in the pulmonic area simultaneous 
with the right jugular phlebogram and lead II (upper record), and with the microphone just to the 
right of the xiphisternum simultaneous with the right jugular phlebogram and lead III 
(lower record) on May 18, 1953. Si, first sound; S2, second sound; SM, systolic murmur; DM, dias- 
tolic murmur; O.S., opening snap. Q-2 and Q-O.S. are the intervals between the beginning of QRS 
and the beginning of the second sound (Q-2) and the beginning of the opening snap (Q-O.S.) respec- 
tively. The stethograms were made with a stethoscopic bell 5 em. in diameter and equipment of the 
Cambridge Instrument Company. Volume controls were at six and eight respectively for the two 
records. 


Limitation of the snap to the area of the xiphoid, and the bifid nature of the jugular phlebogram 


are to be noted. 


Diagnosis. The patient was regarded as having 
chronically or recurrently active rheumatic heart 
disease with enlarged heart, mitral stenosis, mitral 
insufficiency, tricuspid stenosis, tricuspid insuffi- 
ciency, aortic insufficiency, intracardiac thrombi, 
atrial fibrillation with frequent ventricular pre- 
mature systoles, and congestive heart failure. 
Cerebral and renal infarction secondary to emboli 
had occurred in the past, and there was cardiac 
cirrhosis of the liver. 


Case 2. E. C., a 45 year old white married house- 
wife, did not know of rheumatic fever but knew of 
rheumatic heart disease since the age of 12 years. 


She had an appendectomy at 18, a successful cae- 
sarean section for her only pregnancy at 35, and a 
partial hysterectomy at 42. 

Although she was under the care of a physician 
for the last 10 years of her life, during which time 
her physical activity was limited, nevertheless she 
had no symptoms other than mild dyspnea on effort 
until the last year. In the spring of 1952, at the ag> 
of 44, she complained of increasing dyspnea, ascril 
able in part to atrial fibrillation first noted the: 
Digitalis was begun and soon thereafter mercuri: 
diuretics as well. Because her personality wa 
characterized by extreme anxiety and emotion: 
instability, hyperthyroidism as a complicatin 
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Fig. 5. Case 1 (KE. 8.). Simultaneous electronic 
:ecording on April 7, 1954 of a stethogram, the right 
atrial pressure (RA), and a modified lead aVy (aVF). 
in making the stethogram a bell 5 em. in diameter 
was used on the fifth rib in the right parasternal line, 
and the sound filtered with a band pass of 400 to 800 
cycles per second before being linearly recorded. The 
calibrations for the pressure curve in millimeters of 
mercury are shown on the left. The mean pressure was 
approximately 19 mm. Hg. The electrocardiogram is 
distorted by somatic tremors. Time lines, 0.02 sec. 

The opening snap (O.S.) occurs 0.03 second after 
the onset of the steepest part of the slope of the 
atrial pressure pulse (interval indicated by dashed 
vertical lines), and approximately 0.05 second after 
the very beginning of this slope. 


etiology was considered as a possibility. Several 
studies of the basal metabolic rate and determina- 
tion of the radioactive iodine uptake failed to sub- 
stantiate the suspicion. 

She was admitted to Lenox Hill Hospital on May 
18, 1953 for a period of two weeks; again on July 1, 
1953 for a period of five weeks; transferred to the 
Psychiatric Hospital at Bellevue Hospital on August 
7, 1953; and died there on August 11, 1953. These 
hospitalizations were really for a continuing and 
iapidly progressive illness. 

When first admitted to the hospital the ventricu- 
lu rate was 144, there was hepatosplenomegaly, 
he venous pressure was 250 mm. water, and the 

Jecholin and ether circulation times were 50 sec- 
«nds and 18 seconds, respectively. The venous pres- 
ure fell to 160 mm. water in five days after 1.5 
ig of Gitaligen daily. She lost 5 pounds in weight 

‘ith the aid of mercurials, after which she was 
ischarged to her home with instructions to con- 
inue digitalis. 

She returned one month later with pain in the 
ight lower chest and right shoulder, hemoptysis, 
ever, nausea, extreme apprehension and further 
ss of weight. Examination revealed effusion in the 
ight base and presumptive roentgenographic evi- 


Fic. 6. Case 1 (E.S.). Hepatogram recorded by 
means of a piezo-electric crystal pick-up on the ab- 
dominal wall over the liver and a cathode ray oscillo- 
graph. The simultaneous record is electrocardio- 
graphic lead II. Similarity of the hepatic pulse to the 
right atrial pressure pulse (fig. 5, RA) and the jugular 
phlebogram (fig. 4) is to be noted. All show a promi- 
nent systolic ‘“‘regurgitant’’ wave. 


dence of infarction in the right lower lobe. Edema 
occurred when an attempt was made to mobilize 
the patient. She eventually became hysterical and 
noisy to a degree which required transfer to a psychi- 
atric hospital. There her condition remained essen- 
tially unchanged until a few hours before death 
when a shock-like state developed. 

The physical findings differed only slightly from 
time to time. The patient was always loquacious, 
dyspneic, apprehensive, and showed variable de- 
grees of hepatosplenomegaly, venous congestion, 
and in the last few weeks of life, pendent edema 
and right pleural effusion. 

Except for the rate, the findings in the heart 
were quite constant. The point of maximum im- 
pulse was initially in the fifth intercostal space in 
the midclavicular line, later in the sixth intercostal 
space beyond this line. There was no thrill. The 
first sound at the apex was valvular; at the base, 
largely obscured by murmurs. At the apex there 
was a loud, long blowing systolic murmur. There 
was also a short, loud, rumbling diastolic murmur 
in the same area. At the base, but loudest in the 
aortic area, was a long, harsh systolic murmur. It 
was followed by a short, soft diastolic blow trans- 
mitted downward and to the left toward the apex. 
At the xiphisternum and in a circular area several 
centimeters in diameter below it (figure 1, E. C.) 
there was a high pitched, short, loud, diastolic 
snapping sound. This occurred just after the second 
sound which in this area was of greatly diminished 
intensity. A systolic murmur but no distinctive 
diastolic murmur could be heard in this area al- 
though one was recorded (figure 7). The ventricular 
rate varied from 144 to 80 at various times, and 
was always irregular. The blood pressure was usually 
in the range of 130 mm. Hg systolic and 85 diastolic. 

Roentgenograms made on the initial admission 
(figure 8) disclosed a greatly enlarged heart involv- 
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Fic. 7. Case 2 (E. C.). Stethograms made with a microphone to the right of the xiphoid on May 
26, 1953 (upper record), and at the fourth rib at the left sternal border on July 14, 1953 (lower rec- 
ord). The records simultaneously made with the former are the right carotid arteriogram (Rt. Car) 
and lead II; with the latter a somewhat changed lead II. Instrumentation, symbols, and time lines 


as for figure 4. 


The presence of the snap (O.8.) at the xiphoid, its absence at the left sternal border, 
but the presence of a later, low pitched, third sound (83) in the latter area are to be noted. 


ing all chambers. Prominent features were the elon- 
gated right atrial border, and the obliteration of the 
vardiovascular angle. An esophagram (figure 8) 
disclosed considerable posterior displacement of the 
esophagus by an enlarged left atrium. The same view 
(right anterior oblique) showed a prominent right 
ventricular conus and pulmonary stem anteriorly 
and superiorly. The cardiac silhouette did not vary 
on subsequent examinations. 

Electrocardiograms repeated at weekly intervals 
did not differ greatly one from the other (figure 9). 
All displayed atrial fibrillation, left deviation of the 
electrical axis of QRS, and depression of the S-T 
junction with inversion of the T waves in leads I, 
aV;, and V;. Intrinsicoid (RS) deflections in leads 
from either side of the precordium were not delayed 
in onset. Some later records disclosed ventricular 
premature systoles, and on one occasion coupling 
ascribed to excessive digitalis. 

Stethograms were recorded on several occasions, 
two of these being shown in figures 7 and 10. In 
figure 7 the upper record was made simultaneously 
with the right carotid sphygmogram and electro- 


cardiographic lead II on May 26, 1953 when the 
microphone with a shallow bell 5 cm. in diamete! 
was placed to the right of the xiphoid. In addition 
to an opening snap in this region (O.S.), the stetho- 
gram shows systolic (SM) and early diastolic 
(DM) murmurs. The second heart sound (S:) 
shows poor definition. It was difficult to hear, and 
one observer apparently mistook the opening snap 
for the second sound in the area of the xiphisternum 
The carotid sphygmogram, with a latency of 0.06 
to 0.08 second due to inertia of the mechanical! 
recording system, identified the opening snap a: 
occurring well after the incisura. 

The lower stethogram in figure 7 was mad 
sometime later, on July 14, 1953, simultaneous; 
with lead II, with the microphone at the fourth ril 
and left sternal border, the usual site of greates 
audibility of the opening snap of the mitral valve 
None could be heard in the area, and none wa 
recorded. However, the record does show a lov 
frequency (approximately 30 cycles per second 
vibration (S3) of approximately 1.5 cycles in lengtl 
occurring 0.16 to 0.17 second after the beginning 
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Fig. 8. Case (E. C.). Posteroanterior (P-A) and right anterior oblique (RAO) teleroentgenograms 
made on June 19, 1953. The barium filled esophagus of the latter (barely visible) is displaced back- 
ward. The right atrial curvature is not as prominent as in case 1 (fig. 2), and the left 


ventricle more so. 


of the second sound. This could be heard close to 
the lower sternum. It was neither heard nor recorded 
elsewhere. It is believed to be a physical sign to 
which infrequent reference is made,!® namely 
gallop rhythm limited to the right ventricle. 

On the same day that this latter stethogram was 
made, three additional ones were recorded from the 
xiphoid with another instrument* (figure 10) both 
by stethographie and logarithmic recording at the 
same gain (upper records) and by stethographic 
recording at higher gain (lower record). Logarithmic 
recording did not alter the high frequency snap 
(O.8.) very much, while high gain recording greatly 
exaggerated its single, high frequency component. 

The interval between the beginning of the second 
sound and the beginning of the opening snap was 
correlated with the length of the preceding cardiac 
cycle on several records. On one of these there was 

direct relationship between the two (figure 11) 
:s in the case of the opening snap of the mitral 

alve.?- 18 Breath holding, required when recording 
‘eart sounds, apparently had no bearing on this 
elationship (figure 11). In another record, made at 
he same sitting but after the patient had been 
resting” for a time, the average interval was fairly 
onstant (0.084 to 0.097, mean of 0.092 second), 
nd did not vary in any recognizable manner with 
he preceding cycle length. The word “resting”’ is 
*Sanborn Instrument Company’s Twin Beam 
‘ardiette, Model 62. 


Fig. 9. Case 2 (E. C.). Eleetrocardiogram recorded 
on May 20, 1953. Symbols have the usual meaning”. 
The precordial leads V;, V3, and V; were made with 
sensitivity of the galvanometer half of normal (1 mv 
= 0.5 em)..Time lines, 0.04 second. 


placed in quotes because during the entire time of 
recording the patient was apprehensive and com- 
plaining. The fact that the second sound-opening 
snap interval became shorter (mean of 0.092 second 
compared with mean of 0.100 of values plotted in 
figure 11) and relatively fixed may mean that venous 
pressure toward the end of the recording was rising 
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Fia. 10. Case 2 (E. C.). Additional stethograms 


made with another instrument (Sanborn Twin 


Beam) from the xiphoid simultaneously with lead II (II) or I (I). Recording was done stethographi- 
cally (Steth.) and logarithmically (Log.)'*. The latter had little effect on the opening snap of the 
tricuspid valve (O.S.) as recorded by the former. The lowest record shows a stethographic record- 
ing at high gain (vol. 7.0) which tends to bring out a single large vibration of the snap (O.S.). Time 


lines, 0.04 second. 


and the gradient of pressure across the tricuspid 
valve was very high regardless of length of preceding 
cycle." On all of the records of this patient the 
2-0.S. interval had a mean value of 0.097 second, 
and a range of 0.068 second to 0.120 second (25 
cycles measured). 

Diagnosis. On the basis of the clinical and graphic 
data, the patient was regarded as having rheumatic 
heart disease with enlarged heart, mitral stenosis, 
mitral insufficiency, tricuspid stenosis, tricuspid 
insufficiency, aortic insufficiency, intracardiac 
thrombi, atrial fibrillation with ventricular pre- 
mature systoles, and congestive heart failure. Pul- 
monary infarction was a complication. Although 
laboratory evidence was lacking, the fairly rapid 
course suggested possible activity of the rheumatic 
process in the myocardium. 


Necropsy.* Heart:—The enlarged heart weighed 
550 Gm. All chambers except the right ventricle 
were dilated. The dilated right auricle (appendage) 
disclosed some punctate hemorrhages and fibrinous 
exudate externally, a recent organizing thrombus, 
3 cm. by 4 em., internally. The right atrium showed 
a fine Chiari’s network near the ostium of the coro 
nary sinus. Both ventricles were hypertrophied 
(thickness of right 0.5 cm., of left 1.5 em.). The 
patent coronary arteries showed only minimal lipid 
deposits. 

The tricuspid valve was moderately stenotic 
admitting only the tip of the index finger. The leaf- 


* Necropsy was performed two hours post mortem 
by Drs. Irene Gleason, Resident Pathologist, and 
Cyril Solomon, Assistant Pathologist, Bellevue 
Hospital, New York. 
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Fia. 11. Case 2 (E. C.). A graph to show the direct, 

inear relationship between the length of the preced- 
ng eyele (R-R interval) and the interval between the 
eginning of the second heart sound and the opening 
nap of the tricuspid valve (2-0.S. interval) in one 
record made on May 23, 1953. In order to demonstrate 
that holding the breath, as is required when making 
stethograms, had little effect on the relationship, 
the values obtained when the breath had been held 
for less than 7.6 seconds and the values obtained’ when 
the breath had been held more than 13.0 seconds are 
shown in open circles and squares, respectively. 
Intermediate times are shown as solid circles. The 
regression line was calculated (y = 12.13, 2 — 0.389). 
The overall mean for all plotted values of 2-OS in- 
terval is 0.100 second. 


lets were scarred, contracted, fused, and the free 
margins were rolled. The chordae tendineae were 
also moderately thickened and shortened. The cir- 
cumference of the closing margin was 6.5 em. The 
pulmonic valve was normal. The mitral valve dis- 
played a “fish-mouth” deformity with a stenotic 
orifice which just admitted the tip of an index 
finger. The leaflets were fused, rigid, thickened and 
calcified, and the line of closure was retracted up- 
vard. The attached chordae were moderately 
hickened and slightly shortened. The circumference 
f the orifice at the line of closure was 6.5 cm. 

The aortic valve was stenotic to a degree which 
.dmitted a probe of only 1 cm. in diameter. The 
eaflets were thick and calcified and there were 
alcific excrescences not only on the ventricular 
ispects but also on the walls of the sinuses of Val- 
alva. Two em. below one cusp there was a longi- 
udinal raised area of the endocardium on the inter- 
rentricular septum which measured 1 cm. by 0.3 
‘m. 

Blood Vessels:—There was mild atherosclerosis 
f the aorta, most marked in the arch. The large 
yulmonary arteries displayed slight to moderate 
imounts of intimal atheroma and the smaller arteries 
lisclosed distinct intimal thickening. The superior 


vena cava, the right and left innominate veins, the 
right and left subclavian veins, and the internal 
jugular veins were occluded by a fresh thrombus. 
Parts of this in the superior vena cava were organiz- 
ing. 

Other Findings:—In addition to bilateral pleural 
effusion (right 1.0 liter, left 0.3 liter), the somewhat 
smaller than normal though congested lungs re- 
vealed an organizing infarct in the right lower lobe 
of 5.0 em. in diameter. Small branches of the pul- 
monary artery leading to the area were occluded by 
organizing thrombi. Microscopic sections showed 
irregular thickening and fibrosis of the alveolar 
walls in general. The liver was normal in size (1350 
Gm.) and revealed only congestion. The right kidney 
showed an old infarct at its inferior pole which meas- 
ured 1 cm. in diameter. The spleen and pancreas 
were congested. There was no microscopic evidence 
of active rheumatic infection in the heart. 


DIscussION 


The data presented in these two patients 
favor the belief that the diseased tricuspid 
valve, and especially the stenotic valve, is 
capable of making a sound on opening. This 
sound has been designated as the opening 
snap of the tricuspid valve.!® 

It is heard best in the “tricuspid area” but 


allowances must be made for displacements of 
this auscultatory area principally to the right 
and downward produced by hypertrophy and 
dilatation of the right sided chambers of the 
heart secondary in part to the usually asso- 
ciated mitral disease. Its duration is brief (ap- 
proximately 0.02 second), and its intensity 
greater than that of the second sound occur- 
ring in the same area. In one patient (case 1) 
the intensity of the highest vibration had a 
value of approximately 86 decibels above the 
average threshold of hearing. No analysis of 
frequencies was made but some appeared to 
be in excess of 400 cycles per second, and the 
sound was distinctly high pitched and snap- 
ping. On the average (in both patients) it 
occurred 0.10 second after the beginning of 
the second sound. This interval was longer the 
longer the preceding cycle length but the 
correlation, with one exception (figure 11), 
was not definite. In the one case in which the 
measurement was made, the sound occurred 
not at the beginning but 0.05 second after the 
beginning of the rapid fall in atrial pressure as 
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Fia. 12. Case 2 (E. C.). Two views of the stenotic tricuspid and mitral valves. Above left, the tri- 
cuspid valve viewed from the right atrium; below left, the incised tricuspid valve viewed from the 
right, with the right ventricle below, and the right atrium above. Above right, the mitral 
valve viewed from the left atrium; and below right, the incised valve viewed from the left with the 


left atrium above and the left ventricle below. 


The orifice in each case admitted the tip of the index finger, but the mitral valve was rigid and 
calcified and incapable of independent movement. The stenotic tricuspid leaflets, though thickened, 
were pliable and movable. The dark material at the apex of the right ventricle and in the 
right atrium is postmortem clot (The photographs were made by Dr. Cyril Solomon). 


measured on the right atrial pressure pulse. 
Much speculation on the reason can be made, 
including the possibility that the sound in this 
one case (E. 8.) was not due to opening of the 
tricuspid valve. Its resemblance in timing 
and other characteristics, however, to the 
similar sound encountered in the’ other case 
(E. C.) with proven tricuspid stenosis makes 
some other explanation likely. Clearly an in- 
sufficient and stenotic tricuspid valve will 
remain open during isometric relaxation of the 
right ventricle. It is likely that atrial pressure, 
under these circumstances, will fall at the 
beginning of isometric ventricular relaxation. 
Flow, on the other hand, ordinarily signalled 
in venous sphygmograms by the peak of the v 
wave, probably cannot become maximal until 


isometric relaxation of the ventricles termi- 
nates. Only simultaneous records of pressures 
in the right atrium and right ventricle could 
give irrefutable evidence on the significance of 
a gradient in pressure between the two 
chambers in the creation of the tricuspid snap. 

The right ventricular pressure was not 
recorded in case 1 and therefore a gradient in 
pressure between the right atrial mean pres 
sure or Z-point pressure and the end diastolic 
right ventricular pressure as shown by Ferre~ 
and her associates” in tricuspid stenosis couk 
not be demonstrated. However, the mean pres 
sure in the right atrium was unusually hig! 
(19 mm. Hg) and the possibility that th: 
gradient under consideration existed is good 
The fact that clinically and hemodynamicall: 





CHARLES E. KOSSMANN 389 


th patient displayed dominantly insufficiency 
re her than stenosis of the valve does not 
m litate against the diagnosis of the latter 
di ect. 

Che opening snap of the tricuspid valve 
wv ist be differentiated from other sounds in 
e: rly diastole. Usually no difficulty will be en- 
« untered by virtue of the relatively peripheral 
p ecordial area in which this sign is heard. In 
sme patients with mitral stenosis, the open- 
i) g snap of the mitral valve can be heard well 
ti the right of the sternum and as low as the 
x phoid cartilage but the intensity in these 
rgions is less than at the lower left sternal 
border. Other sounds, usually of low pitch, 
hive been heard in a few patients at or near 
the right lower border of the sternum and 
xiphisternum which may give difficulty but the 
mechanism of their creation was not apparent. 
The observations accentuate the need for 


further auscultatory scrutiny of the region in 
patients with heart disease. 

The data are too meager and the dynamics 
too complicated by associated valvular and 
myocardial lesions to attempt an assessment 
of the degree of stenosis of the tricuspid valve 


from the phonocardiogram such as has been 
done by Wells in cases of mitral stenosis.'® 


SUMMARY 


A short, loud, snapping sound early in 
diastole was heard and recorded near the 
xiphisternum in two patients with rheumatic 
heart disease. The sound was similar in almost 
all respects to the opening snap of the mitral 
valve except for its area of audibility. In one 
of the patients the presence of tricuspid steno- 
sis was demonstrated at necropsy; in the other 
there was convincing clinical and hemody- 
1amiec evidence, at least, of organic tricuspid 
valvular disease. This physical sign, the open- 
iig snap of the tricuspid valve, has practical 
(iagnostic value. 


SUMMARIO IN INTERLINGUA 


In duo patientes con morbo rheumatic del 
orde, un claec esseva audite al xiphisterno o 
ifra e al dextere de illo. Iste clac esseva breve, 
rte, e alte e occurreva al comenciamento del 


diastole. A parte le differente area de su 
audibilitate, le clac resimilava in le ausculta- 
tion le clac de apertura del valvula mitral. 
Ambe patientes exhibiva signos physic de 
morbo del valvulas tricuspide e etiam mitral e 
aortic. In un del casos le datos hemodynamic 
indicava morbo tricuspide. In le altere caso 
stenosis tricuspide esseva constatate necropti- 
camente. Le clac esseva un sono anormal que 
esseva considerate como producite per le 
apertura del valvula tricuspide. 
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:. Critical Evaluation of the Roentgen Criteria 
of Right Ventricular Enlargement 


By Marcy L. Sussman, M.D. anp GreorcGe Jacosson, M.D. 


We believe that right ventricular enlargement is ‘“‘over-diagnosed” radiologically, and this be- 
comes apparent when radiologic interpretation is attempted without the help of other data. We 
tested this impression in a study of 25 cases of tetralogy of Fallot and 40 cases of other types of 
congenital pulmonary stenosis. In these cases there was usually no right ventricular dilatation. The 
roentgen determination of right ventricular hypertrophy was found to be decidedly of limited 
value. There were few infants in the present study and the conclusion should not be construed as 


necessarily including this group. 


HE commonly accepted roentgen criteria 
of right ventricular enlargement are: 1. 
Enlargement of the outflow tract an- 
teriorly with bulging into the lung-filled triangle 
of the anterior mediastinum, seen earliest in the 
right anterior oblique position. 2. Enlargement 
in the posteroanterior position usually upward 
and to the left, resulting in filling of the con- 
cavity in the left border between the knob of 
the aorta and the left ventricle. 3. In the left 
anterior oblique position, anteriorly, there is a 
bulge of the lower portion of the contour. An 
angulation may be observed at the upper end 
of this bulge. The diaphragmatic portion of 
the heart increases in length with displacement 
the interventricular groove posteriorly, 
then upwards, on the lower contour.! 
These criteria have, in general, been derived 
from postmortem comparisons and, in addi- 
tion, such animal experiments as those of 
Nemet who applied metallic markers to the 
interventricular septum. Since the advent of 
angiocardiography, doubt has been cast on 
these criteria. Thus it has been pointed out 
that, in the left oblique position, it is the right 
vtrium that presents on the right contour in 
1ost cases and not the right ventricle; fur- 
‘aermore that the indentation seen radio- 
| gically in the left oblique position and called 
he interventricular groove does not regularly 
orrespond to the position of the interventric- 
lar septum.? Moreover, in the posteroanterior 
iew, the pulmonary conus (defined as the 
ubvalvular portion of the right ventricle) 
loes not ordinarily approach the left contour. 


of 
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Early observers such as Assmann recognized 
this from anatomic studies. In the right oblique 
position, the differentiation of pulmonary conus 
and artery is difficult; the precise limits of the 
conus inferiorly are even more difficult to es- 
tablish. 

We have felt, therefore, that the conven- 
tional criteria of right ventricular enlargement 
measure, most often, changes in the right 
atrium and pulmonary artery, either primary 
or the result of displacement. Only infre- 
quently is a direct evaluation of the ventricle 
itself possible. Furthermore the range of 
“normal” variation considerable. It is 
anticipated, therefore, that.moderate hyper- 
trophy of the right ventricle without dilata- 
tion will not be recognized under ordinary 
circumstances and this is substantiated also by 
the paucity of radiographic confirmation in 
most cases of cor pulmonale.’ 

It has been our impression also that right 
ventricular pressure and chamber size are es- 
sentially independent functions even though 
we recognize that increased diastolic volume is 
associated with some pressure increase. While 
right ventricular hypertension is commonly 
present in many congenital cardiac lesions 
where there is no increase in pulmonary flow, 
right ventricular dilatation is infrequent until 
the advent of failure in those who survive 
beyond infancy. We believe that right ven- 
tricular enlargement is ‘‘overdiagnosed’’ radio- 
logically, and this becomes apparent when 
radiological interpretation is attempted without 
any other data. To test these impressions we 
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ROENTGEN CRITERIA OF RIGHT VENTRICULAR ENLARGEMENT 


Group 1. ‘‘Pure’’ Pulmonary Stenosis. Arterial Blood Saturation 90% or Greater 


X-ray 


Overall 


size 


R.O. L.O. 





R.V.H.  In- 
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R.V.H. 
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Pulmonary ar- 
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0-5 — 


Normal heart. 
Pulmonary ar- 
tery 2. 

Normal heart. 
Normal artery. 


None. 


None 
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None. 


Normal heart. 
Pulmonary ar- 
tery 2. 
Normal heart. 
Pulmonary ar- 
tery 1. 


None. 


None. Marked resist- 
Marked 
post stenotic 


dilatation. 


ance. 


R.A. & R.V.3. 
Pulmonary ar- 
tery 2. 

R.A. 1. Pulmo- 
nary artery 1. 


Moderate _ re- 
sistance. 
Marked 
stenotic dilata- 
tion. 


15-25 
10 


post- 


115-145 
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* Degree of enlargement graded 0-3. The two lines of figures are the values assigned independently by the 


two authors. 


reviewed the available clinical, radiographic, 
angiocardiographic and catheterization data in 
40 cases of congenital pulmonary stenosis and 
25 cases of the tetralogy of Fallot. We chose 
these conditions for the study of the problem 
because right ventricular hypertrophy and/or 


dilatation is a striking component and becaus: 
complete data were more likely to be availabl 
in cases of these conditions. We applied th 
conventional radiographic criteria of righ 
ventricular enlargement. We must emphasiz 
however that most of our subjects were no 
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Group 2. Pulmonary Stenosis. Arterial Blood Saturation Less Than 90 Per Cent 


Age Ecg. Pulmo- 


nary | 


| Over- 
all size 


Angio- 
cardiogram 


artery 


R.V.H. 2 


0 


R.V.H. 


probable 


R.V.H. 


R.V.H. 
RV: 
0 


0 
0 


Normal 


infants, and our conclusions do not neces- 
s: rily apply to the latter class of patient. 


PROCEDURE 


The roentgenograms of all cases of pulmonary 
s enosis were reviewed by both authors independ- 
€ itly, without reference to the clinical data. We used 
1) actual measurements. In about one-half, we re- 
} ated the review after having seen the films together 
‘1d redefined our criteria. In many, perhaps most, 
‘ses, we found that we did not make precisely the 
me interpretation. Our joint session demonstrated 
i iat this discrepancy was partly a matter of seman- 
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Distinct resistance. Mod- 
erate post-stenotic dila- 
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l Little resistance. 
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110-120 | 85 
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Marked stenosis. 


3. 

1 23 95-100 
0-1 2 3-10 
1-2 


Valvular stenosis. 


Valvulotomy. 


None. 


None. 


tics; one of us might describe a three-plus enlarge- 
ment, where the other called it two-plus. However, 
even in final independent reviews, there was not 
complete concurrence either with each other or with 
ourselves. The results are listed in the tables in 
separate horizontal columns. This is consistent with 
other multiple reading tests. Overall size was judged 
in the posteroanterior view; impressions of right 
ventricular enlargement and pulmonary size were 
judged in left and right oblique views, and graded 
on a 0 to 3 scale. 

We found a similar discrepancy in the interpreta- 
tion of the angiocardiograms but this was not sur- 
prising since there is little material in the literature 
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Group 3. Pulmonary Stenosis With Demonstrated Intracardiac Shunt 
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X-ray 
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which quantitates the average size of the chambers 
and the range of normal variation. Interpretation is 
largely a matter of personal evaluation. The electro- 
cardiographie interpretations recorded on the pa- 
tients’ charts were accepted. Pressures and oxygen 
determinations were those made during routine 
eatheterizations. 


RESULTS 


Group 1. This group consisted of eight cases 
of what we thought to be isolated or ‘“‘pure”’ 
pulmonary stenosis. The diagnosis was based 
on the presence of right ventricular hyperten- 
sion with a marked drop in pressure in the 
pulmonary artery as compared with the ven- 
tricle. In none did the catheter pass through 
ary abnormal channel. The arterial blood oxy- 
ge. saturation was 90 per cent or greater (90 

‘cent was chosen arbitrarily to indicate that 

! saturation was not present or was insig- 

icant). In five cases, we agreed that the 

‘rt was normal in overall size. In three cases 

agreed there was enlargement but we dif- 
ed as to the degree. We agreed that the 
ht oblique position gave no additional in- 

‘mation in these cases. Our greatest disagree- 

‘nt was in regard to the interpretation of the 

t oblique position where one of us felt that 
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there was no deviation from average in any 
of the cases, while the other felt that a ‘‘shelf” 
might be present in five cases and was defi- 
nitely present in two. We were surprised to find 
that we did not always agree on whether we 
thought the pulmonary artery was dilated 
from conventional films. In this group, our 
disagreement in the interpretations of the 
angiocardiograms was insignificant. In only 
one case, E. A. (case 8) was there disagreement 
regarding the degree of enlargement of the 
cardiac chambers and the pulmonary artery. 
There was no correlation between the right 
ventricular pressure and the size of the heart 
and its individual chambers. Thus R. G. 
(case 3) with a right ventricular pressure of 
70-115/0-5, had a normal sized heart and 
normal angiocardiogram aside from dilated 
pulmonary artery. P. 8. (case 5) presented 
similar findings. Yet E. C. (case 7), with a 
pressure of 50/0 in the right ventricle, was 
interpreted by one of us as showing a two-plus 
enlargement of the right heart in the left 
oblique position. There was no correlation be- 
tween the size of the pulmonary artery and the 
pressure in it, or the pressure gradient between 
it and the right ventricle, although in a general 
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way the greater the pressure gradient, the 
larger was the artery. However, the most 
siznificant observation is that marked right 
ventricular hypertension was present without 
detectable enlargement of the chamber, prob- 
ally because there was hypertrophy without 
d‘atation. The electrocardiogram was more 
c nsistent in that all cases were interpreted as 
i! dicating right ventricular hypertrophy. 

We do not presume to evaluate critically 
te operative findings. Nevertheless it is 
v orthy of note that, judging by the surgeons’ 
1 tes, correlation was lacking also between 
t .e degree of resistance which was met at the 


sitions 


pulmonary valve at valvulotomy and the pres- 
sure gradient. 

Group 2. This group consisted of 11 cases in 
which the pressure gradient between the right 
ventricle and pulmonary artery suggested pul- 
monary stenosis. Eight were operated and 
confirmed. In this group the arterial blood oxy- 
gen saturation was less than 90 per cent which 
we assume probably indicates a right-to-left 
shunt, but there was no other confirmation. 
The lack of correlation between pressures 
and chamber size was again apparent in this 
group. In spite of disagreement between the 
authors in their estimation of right ventricular 
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enlargement, it is strikingly evident that 
marked right ventricular hypertension can be 
present in the presence of cardiac contours 
which we both agreed were within normal 
limits. If the more conservative judgment is 
accepted, there was only one case in this group 
with roentgen evidence of right ventricular 
enlargement. 

Our disagreement extended to the interpre- 
tation of the angiocardiogram and even into 
our estimation of the size of the pulmonary 
artery. It is our feeling that the major dif- 
ficulty in estimation of the latter is the varying 
location of the bifurcation of the pulmonary 
artery and the degree to which the left pulmo- 
nary artery is superimposed on the shadow 
of the main pulmonary artery. 

We were surprised that these cases with 
more marked oxygen unsaturation of the 
arterial blood were not more consistently as- 
sociated with demonstrable right ventricular 
enlargement. If this finding of unsaturation 
‘an be interpreted as indicating a right-to-left 
shunt, which is certainly not proven, it would 
be anticipated that the increased blood flow 
would tend to produce dilated chambers. It 
might be significant that the electrocardiogram 
did not as consistently suggest right ventric- 
ular hypertrophy in this group as in group 1. 
The three cases in which the evidence was 
equivocal or absent were those with lesser 
degrees of right ventricular hypertension. 

Group 3. This group consisted of 23 cases of 
pulmonary stenosis in which catheterization 
data afforded definite evidence of an intra- 
cardiac shunt. We could not estimate the size 
of the shunt in a sufficient number of cases to 
justify including this data. Our agreement in 
the roentgen interpretation of this group was 
better, differences being largely in degree, with 
no consistent trend. For this reason it is even 
more striking that only in eight cases was there 
an increase in overall size. In only six cases 
did we feel that there was roentgen evidence 
of right ventricular enlargement. These were 
not consistently associated with marked right 
ventricular hypertension. Thus J. M. (case 
32) and R. W. (case 27) showed systolic ven- 
tricular pressures less than 40 mm. Many of 
the cases presenting severe right ventricular 


hypertension, such as G. A. (case 29) and J, 
M. (case 32), showed no cardiac or chamber 
enlargement. It is curious that in this gro: p 
also the resistance at the pulmonary vale 
encountered at valvulotomy seemed to be 
little relation to the pressure gradient. Recent 
at a postmortem examination of one patient 
this group (A. N., case 39), no evidence 
pulmonary stenosis was found. It would appe 
from this case, and other experience, bo 
personal and in the literature,‘ that a mark 
pressure gradient between right ventricle ai 
pulmonary artery may occur without orga 
pulmonary stenosis. There is no entirely sat 
factory explanation, but apparently it 
related functionally to the presence of : 
intracardiac shunt and the dilated pulmonaiy 
artery. 

Group 4 consisted of 25 cases of tetralogy of 
Fallot as the basic lesion. In some cases theie 
were additional lesions which did not appear 
to significantly alter the dynamic pattern. In 
all cases in which an electrocardiogram was 
done (23), except one, there was the pattern of 
right ventricular hypertrophy. As in the other 
groups there was no consistent correlation be- 
tween pressures and the apparent size of the 
right heart chambers and pulmonary artery, 
whether judged from the conventional films or 
the available angiocardiograms. In only eight 
was the heart enlarged as far as the transverse 
diameter was concerned. In seven the right 
heart was judged to be dilated in the left 
oblique position. In an additional three cases, 
the right oblique position suggested some right 
ventricular enlargement. In 15 cases, therefore, 
the authors agreed that there was no evidence 
of right ventricular enlargement. In all but 
two, the pulmonary artery was normal or 
less than normal in diameter. In two, one 
confirmed at operation and the other by angio- 
cardiogram, the pulmonary artery was dilated. 


SUMMARY 


1. The present report does not include 1 
study of infants and the conclusions shoul | 
not be construed as necessarily applying t> 
them. 

2. The cases reported here were diagnose | 
primarily by cardiac catheterization. Th» 
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fi: Jing of a systolic pressure gradient between 
t} » right ventricle and pulmonary artery does 
n t necessarily establish the presence of an 
o zanic pulmonary stenosis. There is evidence 
it occasionally such a gradient may exist 
ictionally in the presence of an intracardiac 
3; unt. 
3. In the majority of patients with pulmo- 
ry stenosis, with or without an intracardiac 
unt, the right ventricle is not dilated as far 
can be determined radiologically. The right 
ntricular hypertrophy which is_ present 
-nsistently cannot be demonstrated accurately 

‘ roentgenologic methods other than angio- 
rdiography and is indicated better by 

leetrocardiography. 

{. The pressure in the right ventricle and its 
size are independent functions. 

5. The roentgen evaluation of the size of the 
right ventricle is of limited value. It is subject 
to considerable variation between the evalua- 
tions of experienced examiners; indeed not 
infrequently, several evaluations of a single 
examiner differ. 

6. Right ventricular enlargement, in our 
opinion, is ‘‘overdiagnosed”’ radiologically. 
The diagnosis is of independent value only 
when the demonstration is unequivocal and is 
made without psychological preparation by 
other clinical data. 

7. The customary text-book dictum that the 
right ventricular change in certain congenital 
lesions can usually be demonstrated radio- 
logically was not found to be true in our cases. 


SUMMARIO IN INTERLINGUA 


Iste studio non include infantes e su con- 
clisiones non es necessarimente applicabile 
alles. 

Le casos hic reportate esseva diagnosticate 

imarimente per catheterisation cardiac. Le 
“nstatation de un gradiente de pression 
; stolie inter le ventriculo dextere e le arteria 

Imonar non demonstra necessarimente le 

esentia de un organic stenosis pulmonar. I] 

datos in supporto del conception que tal 

adientes existe a vices functionalmente in le 
esentia de un derivation intracardiac. 


In le majoritate del patientes con stenosis 
pulmonar—con 0 sin derivation intracardiac— 
le ventriculo dextere non es dilatate in tanto 
que es determinabile per medios radiologic. 
Le hypertrophia dexteroventricular que es 
presente sin exception non pote esser demons- 
trate exactemente per medios roentgenologic 
altere que angiocardiographic. Illo se manifesta 
plus clarmente in le electrocardiogramma. 

Le pression in le ventriculo dextere e le 
dimensiones de illo es functiones independente. 

Le evalutation roentgenologic del dimensiones 
del ventriculo dextere es de valor restringite. 
Iste evalutation varia considerabilemente ab 
un experto al altere. De facto, il non occurre 
infrequentemente que plure evalutationes per 
le mesme experto non es identic. 

In nostre opinion, allargamento dextero- 
ventricular es ‘“‘super-diagnosticate’’ per le 
radiologos. Iste diagnose es de valor inde- 
pendente solo in casos de demonstration non- 
equivoce e quando illo es facite sin preparation 
psychologic per contacto con altere datos clinic. 

In nostre casos nos non poteva confirmar 
le assertion frequentemente trovate in le 
manuales que in certe lesiones congenite le 
‘ambiamento dexteroventricular es wswalmente 
demonstrabile per medios radiologic. 
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The Demonstration of Left Atrial knlargement 


by Body Section Radiography 


By Bernarp H. Pastor, M.D., Georce T. Wout, M.D. ano L. THEopore Lawrence, M.D 


The enlarged left atrium may be poorly demonstrated in conventional roentgenograms. It can be 
delineated clearly in such cases by appropriate body section films. Body section radiography may 
also be helpful in the study of other ill-defined cardiac and vascular contours and in the demonstra- 


tion of intracardiac calcification. 


LTHOUGH the signs of left atrial 
enlargement are well known, they are 
sometimes difficult to demonstrate in 

conventional roentgenograms. We have found 
body section radiography heipful in delineating 
enlarged left atria in patients in whom the 
enlargement was not satisfactorily defined by 
the standard roentgenologic method of heart 
study. 

Body section radiography is a technic of 
comparatively recent development. Since 
Bocage first studied the method in 1917, 
numerous refinements and modifications have 
been introduced and have variously been called 
stratigraphy, planigraphy, tomography and 
laminography.':? The basic principle of all of 
these techniques is the same. Simultaneous 
parallel reciprocal movement of the x-ray 
tube and film casette about a fulerum of 
adjustable height takes place during the 
exposure. Only one section of selected depth 
and predetermined thickness corresponding to 
the position of the fulcrum is continuously in 
focus. Details in this section alone are clear, 
other levels being blurred out in the process. 
The importance of such a technique has long 
been recognized in the study of lesions in the 
chest, where superimposition of tissues of 
different density may obscure underlying 
infiltrations or cavities. It has less frequently 
been applied to the study of laryngeal, bone or 
other lesions. 

A recent report describes the use of pla- 
nigraphy for the visualization of intracardiac 
calcification,’ but the method has so far had 
little application in the study of the heart. 


From the Departments of Medicine and Radiology, 
Veterans Administration Hospital, Philadelphia, 
Pennsylvania. 


All of our laminographs were made with 
General Electric Ordograph. This is a h:° 
draulicly driven mechanism with a tube tray 
of 15 inches, 40 inches above the table t 
The average technical factors employed we 
86 kilovolts, 50 milliamperes, 2!5 seconds wi 
Bucky technique. The desired levels we 
estimated by reference to a 6 foot, 14 x 
inch chest film in each case and numerous cuis 
were made at 1 cm. intervals on 10 x 12 inch 
film. We have found that satisfactory films 
can almost always be obtained between 10 and 
14 cm. from the table top, thereby permitting 
economy in the use of only four or five films. 

Because the left atrium occupies a relatively 
concealed position behind the heart in the 
frontal projection, the recognition of left atrial 
enlargement in conventional roentgenograms 


Fie. 1. Advanced left atrial enlargement. Anter 
posterior film taken with Bucky technique showi : 
deviation of barium filled esophagus to the left i 
stead of to the right. 
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A 


Fic. 2. A. Conventional right anterior oblique roentgenogram of the same patient referred to in 
figure 1. Barium filled esophagus is straight and does not indicate left atrial enlargement, although 
retrocardiac space is obscured. B. Body section roentgenogram of the same patient in the right an- 
terior oblique position. Marked enlargement of the left atrium is clearly shown. 


A B 


Fig. 3. A. Conventional right anterior oblique roentgenogram of patient with advanced mitral 
stenosis. Barium filled esophagus shows slight posterior displacement. B. Right anterior oblique 
body section roentgenogram of same patient. Note markedly enlarged left atrium not demon- 
strated by barium column in A. Mitral valve calcification is clearly visible. 
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‘\ 


A 


Fic. 4. A. Conventional posteroanterior roentgenogram. Note dense hilar shadows and suggestion 
of a double contour on the right upper heart border. B. Posteroanterior body section roentgenogram 
showing enlarged left atrium on the right upper cardiac border. Note clear demonstration of the 
bronchial angle. Hilar masses are clearly identified as pulmonary arteries. 


A 


B 


Fic. 5. A. Conventional posteroanterior roentgenogram of patient with large left atrium. B. Pos- 
teroanterior body section roentgenogram of patient referred toin 5A showing clear demonstration of 


the widened bronchial angle. 


depends largely upon its impingement on, or 


displacement of, contiguous structures, par- 
ticularly the barium filled esophagus and the 
bronchi. As the left atrium enlarges the 
following changes take place: 

I. Displacement of the Barium Filled Esopha- 


gus. As the left atrium enlarges it first expan |s 
posteriorly, compressing and displacing t \e 
esophagus. As a result of the normal eccenti ¢ 
position of the esophagus to the right of t:e 
midline and some clockwise rotation of t e 
heart, the barium filled esophagus is usual y 
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laced to the right as well as posteriorly. 

s deviation is most easily observed in the 

it anterior oblique or lateral view. Fre- 

ntly the esophagus “‘slips off” or is dis- 

ced to the left instead of to the right (fig. 1) 

that it does not follow the contour of the 

ging left atrium (fig. 2A). This may be 
result of: (1) The occasional normal 
urrence of a left eccentric position of the 
phagus, (2) concomitant enlargement of the 

i ht ventricle and right atrium displacing the 

| atrium and the esophagus to the left, (3) 
: phageal adhesions to the left and (4) 

hesions to an elongate tortuous aortic arch. 

body section films the border of the enlarged 

t atrium can be seen despite the obscuring 
shadow of the spine and without dependence 

the position of the esophagus (fig. 2B). 

Even though the barium filled esophagus is 
displaced posteriorly it sometimes fails to 
indicate the degree of left atrial enlargement 
(fig. 3A). In such cases the appropriate body 
section film clearly indicates the size of the 
enlarged left atrium (fig. 3B). 

Il. Appearance of the Left Atrium on the 
Right Upper Cardiac Contour in the Frontal 
Projection (Double Contour). As the left atrium 
continues to enlarge it extends to the right, 
first approaching the right border, and later 
forming the upper part of the right border 
above and overlapping the right atrium. In 
conventional roentgenograms the left atrial 
border is often ill defined, concealed by the 
right atrial border or obscured by hilar 
shadows (fig. 4A). Body section films in the 
frontal projection at appropriate levels clearly 
delineate the left atrial border from other 
structures with which it may be confused 
(fig. 4B). 

(II. Elevation and Compression of the Main 
Sim Bronchi. Further enlargement of the 
le t atrium takes place superiorly, widening the 

'onchial angle from the normal of about 70 
srees, to as much as 100 degrees or more, 

d sometimes compressing both bronchi. 

iis can occasionally be seen in conventional 
i ns but is often not well visualized (fig. 5A). 

1e position of the bronchi can readily be 

monstrated by body section films in the 
ft mtal projection at an appropriate level 
iz, 5B). 

Body section radiography might profitably 


be applied to any of the cardiac and vascular 
contours when they are obscured by super- 
imposition of other structures. It may aid in 
determining heart size when the borders are 
concealed by pulmonary consolidation or 
pleural effusions. Its use in the differentiation 
of vascular shadows from other intrathoracic 
masses is well known to radiologists although 
not so widely applied as it might be. This 
includes the differentiation of pulmonary 
arteries from other hilar masses (fig. 4A and 
4B) and the differentiation of aortic aneurysms 
from other mediastinal masses. Mention has 
already been made of the demonstration of 
intracardiac calcification’ (fig. 3B). 


SUMMARY 


Body-section radiography is a useful roent- 
genologic technic which has had little applica- 
tion in the study of the heart. Its use in the 
identification of left atrial enlargement is 
described. The method may advantageously be 
applied to the delineation of other cardiac and 
vascular contours when they are not clearly 
defined in conventional roentgenograms. 


SUMMARIO IN INTERLINGUA 


Radiographia sectional es un utile technica 
roentgenologic que ha habite pauc application 
al studio del corde. Es describite su uso in le 
identification de allargamento sinistroatrial. Le 
methodo es usabile con avantage in le delinea- 
tion de altere contornos cardiac e vascular 
quando istos non es clarmente definite in 
roentgenogrammas conventional. 
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Hemodynamics in Patent Ductus Arteriosus 
Without a Murmur 


By Joun T. SHepuHerD, M.D., M.Cu., Witt1am H. Werpman, M.D., Epmunp C. 
Burke, M.D. anp Eart H. Woop, M.D., Pu.D. 


The clinical and hemodynamic features are described in a 71-year-old boy who had a patent 
ductus arteriosus and pulmonary hypertension without a murmur. Values for oxygen saturation 
of the blood and dye-dilution curves demonstrated that the flow through the ductus was mainly 
from pulmonary artery to aorta. This was reversed when the patient breathed 99.6 per cent oxygen. 
Blood shunted from right to left through the ductus could be detected at the right radial artery. 
Thus retrograde movement of blood occurred in the aortic arch. Clamping of the ductus caused an 
increase in pulmonary arterial pressure, a decrease in systemic arterial pressure, an increase in 
arterial oxygen saturation and a change in the arterial dye-dilution curve toward normal. Di- 
vision of the ductus was followed by clinical improvement. 


IBSON,' in 1900, proposed the term 

“continuous” to describe the char- 

acteristic murmur associated with a 
patent ductus arteriosus. This murmur, which 
is present throughout both systole and diastole, 
increases in intensity up to the second heart 
sound and fades away late in diastole. It re- 
sults from continuous shunting of blood from 
the aorta to the pulmonary artery throughout 
the cardiac cycle. 

If a change occurs in the pulmonary arterial 
pressure relative to that in the aorta, the 
characteristic murmur may be altered. In in- 
fants the pressures in the pulmonary artery 
and aorta are such that shunting may occur 
only during systole and a systolic murmur 
alone is heard. Rarely the pressures in the 
two vessels may be so balanced that no mur- 
mur is heard. The high pulmonary arterial 
pressure in infancy probably results from 
persistence of the fetal type of pulmonary 
vessels with continuation of high resistance 
to flow through the lungs.’ As this resistance 
decreases the characteristic murmur develops; 
if it fails to decrease, a continuous murmur 
may never develop. If in later life the resist- 
ance increases again, as a result of either in- 
creased pulmonary arteriolar resistance or 
left ventricular failure, the consequent  in- 
crease in pulmonary arterial pressure may 
lead to disappearance of the characteristic 
murmur. In such cases with a reversed shunt 
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or a bidirectional flow through the ductus, th: 
only murmur present may be a diastolic on 
at the pulmonary area. 

Complete absence of a murmur has been 
noted, but this is uncommon. Keys and Sha- 
piro® described a patient in whom a largé 
patent ductus arteriosus was found at nec 
ropsy but in whom no murmur was heard 
during a 10-day period of observation before 
death. Ulrich reported a case in 1947 in which 
murmurs were absent and in which an ante- 
mortem diagnosis of primary pulmonary hy- 
pertension was made. Gilchrist® and Campbell 
and Hudson* have described cases in which 
the continuous murmur disappeared when 
congestive failure developed. Murmurs were 
absent in case 2 of the eight cases of patent 
ductus arteriosus and pulmonary hypertension 
described by Hultgren and associates.’ Lyon 
and Kaplan® recently reported on a patient 
who had a patent ductus arteriosus and in 
whom no murmur was heard until the child 
was 16 months of age. 

We wish to report on a patient who had a 
patent ductus arteriosus without a murmur 
in whom the diagnosis was made at cardiac 
catheterization; the ductus subsequently was 
closed surgically. 


Case REPORT 
Clinical Data 


A 714-year-old white boy was first seen at th 
Mayo Clinic in March, 1954. He had been referre: 
by the home physician for diagnosis of a cardia 
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Fig. 1. Cardiac catheter passing from the pul- 
nonary artery through the patent ductus arteriosus 
nto the abdominal aorta. 


lisability. The physician had examined the patient 
at birth and had found no abnormalities. However, 
because the child failed to grow at a normal rate, 
he had continued to see him at frequent intervals 
until the patient was 4 years of age, but never had 
heard a murmur. The physician next had examined 
this boy in March, 1954, at which time he had ob- 
served cyanosis of the nail beds, clubbing of the 
fingers and toes and roentgenographic evidence of 
cardiac enlargement. The child apparently had been 
in good health but was unable to keep up with other 
children because of dyspnea. 

His height was 45 inches and he weighed 42 
pounds. He was small for his age and was poorly 
nourished; however, he was alert and co-operative. 
The blood pressure in the right arm measured by 
auscultation was 100 mm. Hg systolic and 85 dias- 
tolic. Cyanosis and clubbing were minimal and 
appeared to be equal in degree in fingers and toes. 
Precordial bulging and a forceful thrust at the apex 
were noted. Percussion of the thorax revealed cardiac 
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enlargement. There was no thrill. The second heart 
sound was accentuated at the second left intercostal 
space. No murmurs were heard on examination by 
several observers during a period of four days. The 
remainder of the physical examination disclosed no 
abnormalities. 

The electrocardiogram gave evidence of right 
ventricular hypertrophy; thoracic roentgenograms 
demonstrated right ventricular enlargement as well 
as enlargement of the pulmonary arterial segment. 
The value for hemoglobin was 16.8 Gm. per 100 ml. 
of blood. 

The clinical diagnosis was pulmonary hyper- 
tension of undetermined nature. 


Laboratory Methods 


Cardiac catheterization was carried out using a 
photokymographic recording assembly previously 
described. Oxygen saturation was determined by 
both manometric!® and photoelectric technics.” 
Arterial dilution curves of Evans blue (T-1824) 
were used in conjunction with the oxygen-saturation 
values of the blood for the definition of vascular 
shunts.”? The recordings during operation were made 
by means of a mobile photokymographic assembly 
as described by Hallenbeck and associates.” 


Laboratory Data 


Cardiac catheterization was carried out with the 
patient under general anesthesia induced by rectal 
administration of tribromoethanol (Avertin) (100 
mg. per kilogram of body weight) and intermittent 
intravenous injections of thiopental sodium (Pento- 
thal sodium). The data obtained are summarized in 
the table. With the patient breathing air the venous 
pressure was normal but pronounced pulmonary 
hypertension was present. The catheter was passed 
through a patent ductus arteriosus into the abdom- 
inal aorta (fig. 1), where the oxygen saturation of 
the blood was 85 per cent as compared with 94 per 


TaBLE 1.—Cardiac-catheterization Data in a 744-Year-old Boy With a Patent Ductus Arteriosus and Pulmonary 
Hypertension Breathing Air and Oxygen 


Blood Pressure, 
Hg Volume Per Cent 


‘ight atrium 

‘Light ventricle 
ulmonary artery 
bdominal aorta§ 

tadial artery§ 
‘ulmonary artery wedge 


104/76 
99/70 
100/69 


* By Van Slyke analysis. 
+t By cuvette oximeter. 
t By earpiece oximeter. 


§ Simultaneous samples. Oxygen capacity of blood = 


Blood O2 
Saturation,t 
Per Cent 


Arterial O2 
Saturation,t 
Per Cent 


Air 


Blood Oz Content,* 


Oz 


92 
92 


100 


100 
120/82 


118/75 
116/75 
12/4 


19.0 
21.6 





22.2 vol. per cent (Van Slyke analysis). 
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PATIENT DYE CONC. cent in the radial artery. The oxygen saturation 
aRT Ne eee the blood in the pulmonary artery was sligl 
greater than that in the right ventricle. The d 
indicated that the shunt, although bidirectional, 
mainly from the pulmonary artery to the aorta. It 
estimated from the values for oxygen saturation  \at 
about 35 per cent of the systemic flow and abou 10 
per cent of the pulmonary flow was compose of 
blood shunted through the ductus. 
seamen When the patient breathed 99.6 per cent ox) en 
0.26 mg./Kg. the blood in the abdominal aorta was fully satur: ed 
PULMONARY ARTERY sess with oxygen, with 2.2 volumes per cent in phys <al 
solution. Therefore, the oxygen-saturation ita 
Fig. 2. Dye-dilution curves showing effect of gave no evidence of a venoarterial shunt at this t ne 
oxygen content of inspired air on the magnitude of but a left-to-right shunt through the ductus was ‘ill 
the right-to-left shunt through a patent ductus arte- present as indicated by the increased oxygen sat ra- 
riosus in a 7!g-year-old boy with pulmonary hyper- tion of the blood in the pulmonary artery comp: ed 
tension. Deflection A is due to dyed blood shunting with that in the right ventricle (table 1). This sh int 
right to left through the ductus; deflection B is due amounted to approximately 15 per cent of ‘he 
to dyed blood that has passed through the normal pulmonary flow. As the pulmonary arterial we lge 
pulmonary circulation. Note greater magnitude of pressure was normal, this change in the directioi. of 
the right-to-left shunt when the patient was breath- the shunt was apparently due to reduction in 
ing air (upper panel) than when breathing 99.6 per pulmonary arteriolar resistance when the patient 
cent oxygen (lower panel). breathed 100 per cent oxygen."! 


AIR 
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DUCTUS Arterial 
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80 
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Respiration 

, y ¥(inspiration) 
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Fic. 3. Hemodynamic effects of occlusion of a patent ductus arteriosus in a 7!4-year-old boy 
with pulmonary hypertension; recordings made during operation. Note reversible increase in pul- 
monary arterial and central venous pressures, decrease in systemic arterial pressure and increase 
in arterial oxygen saturation produced by clamping (left panel) and unclamping the ductus (right 
panel). Note also elimination of the secondary systolic peak in the brachial arterial pulse during 
closure of the ductus. This secondary peak was presumably due to right ventricular systolic pres- 
sure being transmitted to the aorta via the ductus. S8.S., R and IR are the single-scale and red and 


infrared double-scale galvanometer tracings of the oximeter used to record arterial saturation from 
the pinna of the left ear.'7 
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ijections of T-1824 were made into the pul- 
me ary artery with the patient breathing air and 
rey ated with the patient breathing 99.6 per cent 
oxi ren. The dye-dilution patterns were recorded 
sin taneously and continuously by an oximeter on 
ear | ear and a cuvette oximeter from the radial 
art ry (fig. 2). When the patient breathed air, the 
dil tion curves at these sites were similar and showed 
an ibnormally short appearance time with an ab- 
no nal initial deflection. This was due to dye 
shi ated through the ductus and reaching the re- 
co. ling sites more rapidly than the major portion of 
th: dye, which passed via the normal route through 
th lungs. An estimation of the amount of this shunt 
by the method of Swan and co-workers'® indicated 
th: t about 28 per cent of the systemic blood flow to 
th: upper part of the body came through the ductus. 
Wen the patient breathed 99.6 per cent oxygen, a 
small abnormal initial deflection was noted, in- 
dicating a right-to-left shunt of less than 5 per cent 
of the systemic flow. The prolongation of the disap- 
pearance slope indicated a left-to-right shunt of 
moderate degree.'® Burchell and associates" also have 
used indicator dye-dilution curves to demonstrate 
alteration of flow through a ductus when 99.6 per 
cent oxygen was breathed instead of air. The present 
case is of interest because the abnormal initial de- 
flection at sites whose arterial blood supply origi- 
nated from the aorta proximal to the ductus was 
greater than any previously reported. 

The patient was operated on by Dr. J. W. Kirklin 
in April, 1954. The ductus arteriosus was about the 
same diameter as the aorta. It was 1.2 em. in length 
and 1.4 em. in width. The pressure in the pulmonary 
artery was measured before and during temporary 
clamping of the ductus. Before clamping, the 
pulmonary arterial pressure was 109/73, the brachial 
arterial pressure 92/66 and the superior vena caval 
pressure 12/7, all expressed as millimeters of 
mercury (fig. 3). One minute after clamping, the 
pressures were 131/83, 79/49 and 14/8 respectively. 
Eight minutes after division of the ductus arteriosus 
the pressures were 134/92, 93/59 and 10/7. At the 
en of the procedure, 38 minutes after division of the 
ductus, the pressure in the brachial artery was 85/50 
an | that in the superior vena cava was 10/6. The 
coitour of the brachial arterial pulse was altered 
afier occlusion of the ductus (fig. 3). Before occlu- 
sicn the tracing derived from this pulse had a broad 
su nmit and two peaks were easily seen. The second 
peik coincided with the summit of pressure in the 
piimonary artery. On occlusion of the ductus the 
co tour of the brachial arterial pulse became normal 
al 1 no second peak in pressure was discernible. This 
d nonstrated that the right ventricle was contrib- 
u ng to the systolic pressure of the systemic 
ci culation via the ductus. 

When the ductus was clamped prior to its surgical 
0 clusion, the systemic arterial oxygen saturation, as 
n -asured by the earpiece oximeter, increased from 
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Fic. 4. Dye-dilution curves recorded during opera- 
tion before and after division of a patent ductus 
arteriosus in a 7!4-year-old boy with pulmonary 
hypertension. The curves were recorded with the 
patient anesthetized and the thorax closed before 
division of the ductus (upper panel) and after divi- 
sion of the ductus and closure of the thorax (lower 
panel). Deflection A is due chiefly to dyed blood 
shunting from right to left through the ductus; de- 
flection B is due to dyed blood that passed through 
the normal pulmonary circulation. Note the large 
right-to-left shunt before division of the ductus 
(upper panel) and a normal curve with the exception 
of a small right-to-left shunt (C) after division of the 
ductus (lower panel). This residual shunt was prob- 
ably the result of right-to-left flow through a valvular 
competent foramen ovale. 


77 per cent to 92 per cent; it decreased when the 
clamp was released (fig. 3). 

Dye-dilution curves recorded with the thorax 
closed before and at the end of the procedure are 
shown in fig. 4. The initial curve was similar to that 
obtained at catheterization with the patient breath- 
ing air. The final curve was normal except for a small 
abnormal deflection preceding the main deflection, 
consistent with a right-to-left shunt of less than 5 
per cent of the systemic circulation. The small shunt 
after division of the ductus may be due to blood 
passing through a valvular competent foramen 
ovale. This shunt was insufficient to cause significant 
desaturation of peripheral arterial blood. 

The patient was kept in an oxygen tent for the 
first 10 days after operation. He had an uneventful 
convalescence and was dismissed 16 days after 
operation. At the time of dismissal, a loud second 
sound was heard at the pulmonary area. The electro- 
cardiogram still showed evidence compatible with 
right ventricular hypertrophy of similar degree to 
that present before operation; however, large in- 
verted T waves recorded from the right side of the 
thorax suggested increased right ventricular load. 
There were no clinical signs of right ventricular 
failure. A note from his physician 3 months later 
stated that the child was improved but still had 
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some dyspnea on exertion. The clinical improve- 
ment was maintained until 6 months after the 
operation, at which time the patient died suddenly 
while eating breakfast. Necropsy was not done. 


COMMENT 


Although the occurrence of patent ductus 
arteriosus without murmurs is rare, it is im- 
portant to make the diagnosis since operation 
offers the only hope of cure. If cyanosis or 
clubbing is greater in the lower extremities 
than in the upper, the diagnosis can be made 
clinically. Laboratory methods were employed 
in the present case because the clinical find- 
ings did not reveal the cause of the pulmonary 
hypertension. The simplest diagnostic method 
is to compare the oxygen saturation of samples 
of blood withdrawn simultaneously from the 
radial and femoral arteries.’: '* When a patent 
ductus is complicated by pulmonary hyper- 
tension, however, it is important to know 
whether or not the pulmonary vessels are 
capable of dilatation. This can be assessed by 
measuring the pulmonary arteriolar resistance 
before and during the breathing of 100 per 
cent oxygen. Monitoring of pulmonary arterial 
pressure at operation before and after tem- 
porary closure of the ductus is also important 
because it gives a measure of the increased 
load on the right ventricle. Postoperative use 
of mixtures containing large amounts of 
oxygen may help to reduce the pulmonary 
arterial pressure by reducing the pulmonary 
arteriolar resistance, particularly if this has 
been shown to occur before operation. 

It is not known what the reaction of the 
pulmonary vascular bed is in the usual case 
of patent ductus arteriosus immediately after 
birth, but it is probable that sooner or later 
the arterioles lose their fetal characteristics, 
with a gradual decrease in resistance to pul- 
monary flow. Consequently the left-to-right 
shunt through the ductus increases, occurring 
in diastole as well as in systole, with eventual 
elimination of any important shunting from 
right to left. 

In the present case it is probable that the 
continuation of shunting from right to left 
was the result of persistence of the fetal type 
of pulmonary vessels? and maintenance of 
pulmonary hypertension. 


SUMMARY 


The clinical and hemodynamic features «re 
described in a 714-year-old boy who ha 
patent ductus arteriosus and pulmonary hy; 
tension without a murmur. 

The clinical diagnosis was pulmonary hy; 
tension of unknown origin. At cardiac cat 
terization the presence of pulmonary hy; 
tension was confirmed and the catheter , : 
passed through a ductus arteriosus into 
abdominal aorta. 

When the patient breathed air it was dem 
strated by oxygen-saturation values and d 
dilution curves that the flow through 
ductus, although bidirectional, was mai 
from the pulmonary artery to the aorta. 1] 
oxygen saturation of blood in the abdomi 
aorta was less than that in the radial arte | 
The diagnostic importance of this is emp! 
sized in cases in which the catheter cannot 
manipulated through the ductus. 

Dye-dilution curves recorded at both exrs 
and the right radial artery showed that dyed 
blood passing from the pulmonary artery to 
the aorta appeared rapidly at these sites. As 
the origin of the great vessels from the aorta 
was normal, this demonstrated that a sig- 
nificant degree of retrograde movement of 
blood occurred in the arch of the aorta. 

When the patient breathed 99.6 per cent 
oxygen the pulmonary vascular resistance de- 
creased and the right-to-left shunt was practi- 
‘ally eliminated. This showed that the pul- 
monary vessels were capable of vasodilatation. 

It is postulated that the pulmonary hyper- 
tension was due to persistence of the fetal type 
of pulmonary vessels. 

Measurements at operation demonstrated 
that clamping the ductus caused an increase 
in pulmonary arterial pressure, with an ac- 
companying decrease in brachial arterial 
pressure, and an increase in systemic arterial 
oxygen saturation. 

Change in contour of the brachial arterial 
pulse after clamping of the ductus demon- 
strated that the right ventricle contributed (0 
the systolic pressure in the systemic circulation 
via the ductus. 

Division of the ductus was followed !y 
clinical improvement that was maintained ' p 
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to )} months after the operation, at which time 
th: patient died suddenly. 
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SUMMARIO IN INTERLINGUA 


js presentate datos clinic e hemodynamic 
ab le caso de un puero de 7 e 14 annos de etate 
qui habeva un patente ducto arteriose e 
hy pertension pulmonar sin murmure. 

Le diagnose clinic esseva hypertension 
pulmonar de origine non determinate. Le 
presentia de hypertension pulmonar esseva 
confirmate per catheterisation cardiac, e le 
catheter esseva introducite via le ducto 
arteriose in le aorta abdominal. 

Le valores de saturation oxygenic e le curvas 
de dilution de colorantes—ambes determinate 
quando le patiente respirava aere—indicava 
que le fluxo per le ducto non esseva unidirec- 
tional sed progredeva principalmente ab le 
arteria pulmonar verso le aorta. Le saturation 
oxygenic del sanguine in le aorta abdominal 
esseva minus que le saturation oxygenic in le 
arteria radial. Iste constatation es specialmente 
importante in casos ubi le catheter non pote 
esser avantiate a transverso le ducto. Curvas 
de dilution de colorantes esseva registrate a 
ambe aures e al dextere arteria radial. Illos 
monstrava que sanguine colorate viagiante ab 
le arteria pulmonar verso le aorta arrivava 
repidemente al punctos mentionate. Proque le 
origine del grande vasos esseva normal, iste 
conducta del sanguine colorate serviva a 
d monstrar que un grado significative de 
rm rogression de sanguine occurreva in le arco 
d | aorta. 

(Quando le patiente respirava 99,6 pro cento 

ygeno, le resistentia pulmono-vascular de- 

‘sceva e le derivation ab le dextera verso le 

iistra esseva practicamente eliminate. Isto 

licava que le vasos pulmonar esseva capace 
vasodilatation. 

Nos postula que le hypertension pulmonar 

seva causate per le persistentia de un typo 

tal de vaso pulmonar. 

Mesurationes executate durante le operation 


indicava que un clip super le ducto causava un 
augmentate pression pulmono-arterial, ac- 
companiate per un reduction del pression 
brachio-arterial e un augmentate saturation 
oxygenic del arterias systemic. 

Post le application del clip al ducto, il oc- 
curreva un cambiamento del contorno del 
pulso brachio-arterial. Iste facto demonstrava 
que le ventriculo dextere contribueva al pres- 
sion systolic in le circulation systemic a 
transverso le ducto. 

Le division del ducto esseva sequite per 
melioration clinic. Le melioration continuava 
durante sex menses a qual tempore le patiente 
moriva subitemente. 
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The Relief of Resistant Edema by Utilization 
of a Sump Phenomenon 


By Frerpinanp R. Scuemm, M.D. ann Aucusto A. Camara, M.D.* 


Fourteen massively edematous patients with either cardiac disease or nephritis, who had hydro- 
thorax and/or ascites, have proved resistant to the usual diuretic measures, but have been re- 
lieved of edema by repeated aspirations of fluid from either the pleural or peritoneal spaces. In 
the intervals between aspirations the fluid of the interstitial space appeared to seep readily into 
the sump from which fluid had just been removed. The repeated aspirations did not result in hy- 
ponatremia nor hypoproteinemia in these cases. As a means of by-passing “reluctant”? kidneys 
the utilization of the sump phenomenon has proved simple, safe and effective in some very ob- 


stinate cases. 


ESPITE the more efficacious control of 
edema brought about by a_ better 
understanding of electrolyte metabo- 

lism, the application of acid-base and water 
balance principles and the development of 
effective diuretics, there remain certain groups 
of cardiac and nephrotic patients whose edema 
remains absolutely or relatively intractable. 
In our experience, one such group of patients 
manifest what we shall call the sump phe- 
nomenon which will be described in this report. 

The authors have collected data on 10 
cardiac, 3 nephritic and 1 diabetic patients. 
Each had an accumulation of free fluid in 
either pleural or peritoneal spaces. Relief of 
edema in these patients was achieved by 
repeated aspirations of fluid from this space, 
which acted like a ‘low-pressure’ area into 
which edema fluid readily seeped after each 
\spiration. In the intervals between aspirations 
there was little or no change in body weight, 
but signs of fluid in the swmp increased, while 
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the degree of peripheral edema decreased. In 
some of these cases, despite meticulous atten- 
tion to the regime and repeated doses of mer- 
curial diuretics, no relief of edema could be 
attained except through repeated aspirations 
of fluid from the sump. In the other cases, 
utilization of the sump for the mechanical 
removal of fluid proved of value in hastening 
the relief of edema and shortening the period 
of hospitalization. 

It has been observed that in such patients, 
recurrence of peripheral edema is preceded by 
reaccumulation of fluid in the swmp, and the 
appearance of edema can be forestalled by 
repeated tapping. 

Most important of all, the authors have seen 
no deleterious effect of repeated aspirations 
in these patients. 


MeEtTHOD AND MATERIAL 


All but two of the patients reported in this paper 
were studied in the Metabolic Unit of the Deaconess 
Hospital. Daily fasting weights in the morning were 
recorded on a scale sensitive to 100 Gm. Twenty- 
four hourly urine specimens were collected daily, 
collections being started and ended at 6 A.M. daily, 
and their volumes recorded. The daily urinary ex- 
cretions of chloride, sodium and potassium were 
determined. Analyses for the same electrolytes were 
carried out on fluid aspirated from the swmp each 
time. The morning following admission, blood speci- 
mens were obtained in the fasting state for initial 
blood chemistry. The chemical determinations in- 
cluded sodium, potassium, chloride, carbon dioxide 
combining power, blood urea nitrogen and serum 
proteins. The same analyses were obtained at ap- 
propriate intervals and at the end of treatment. 





RELIEF OF RESISTANT EDEMA 
TaBLE 1.—Clinical Data on Patients Manifesting the Sump Phenomenon 


Aspirations 

. Edema 
: . : Mercurial ra 
iagnosis ——_—_—_—- Mer aie 
Patient Diagnosis Injections Dose Weight 


Total Loss 


Number 
’ amount 


Aspirations 


Vue to 


Liters ml. 


I. Cardiacs 
. F. J., M, | Heart disease, rheumatic; | Pleural cav-| 7 in 20 | 13.30 1 3 times 
52 mitral stenosis, mitral ity, right days twice 

insufficiency 
Heart disease, rheumatic; | Pleural cav-| 5 in 13 ee twice 
aortic stenosis, auricular ity, right days ‘ once 
fibrillation .5 twice 
.L.,M, | Heart disease, congenital; | Peritoneal 3 in 15 9. 4 times 
marked hypertrophy & cavity days 8 times 
dilatation, right ventricle 
& right auricle; tricus- 
pid insufficiency 
ASCVD Diabetes mellitus | Pleural cav-) 6 in 13 4.68 3 times 
ity, right days 
Heart disease, rheumatic; | Pleural cav-) 4 in 10 5 .5 once 
mitral stenosis & insuf- ity, right days 
ficiency; aortic insuffi- | Peritoneal in 3 3.28 
ciency, auricular fibril- cavity days —-— 
lation 5.80Tot. 
Hypertensive ASCVD; au- | Pleural cav-) 4 in 11 2.85 2 4 times 
ricular fibrillation ity, right days once 
Hypertensive ASCVD Both pleural) 5 in 30 4.74 5 times 
cavities days, 4 times 
2-L, 
3-R 
Heart disease, rheumatic; | Pleural cav-| 4 in 12 2: 3 times 
mitral stenosis & insuf- ity, right days 
ficiency, auricular fibril- | 
lation 
ASCVD | Pleural cav-| 4 in 25 3. 6 times 
ity, right days once 
Heart disease, rheumatic; | Pleural cav-| 4 in 8 98 twice 
mitral stenosis & insuffi- | _ ity, right days 
ciency, auricular fibril- 
lation 


2. K. H.,M 


II. Nephritics | 
1. J. P., M, | Glomerulo-nephritis, ne- Peritoneal | 5in9 ‘ | 0.25 3 times 
34 phrotie stage cavity days | .5 once 
. R. W., M, | Glomerulo-nephritis, with | Peritoneal | 5in 17 | 08 .5 9 times 
7 nephrotic syndrome cavity | days | twice 
3. R. D., M, | Diabetes mellitus, with | Pleural cav-| 13 in 54 AE 23 times 
32 Kimmelstiel-Wilson syn- ity, right | 12 times 

drome 
Glomerulo-nephritis, ne- Peritoneal | 5 in 36 ‘ | 0.5 9 times 


phrotic stage cavity | days 0.25 16 times 








In two of the patients, immediately following later, chest fluid and blood were obtained simul- 
thoracenteses, 50 ml. of deuterium oxide (DO) taneously for determination of deuterium oxic e 
mixed with an equal amount of 5 per cent dextrose (D,O) concentration. The procedures used in thee 


in distilled water was infused subcutaneously into analyses have been described in a previous pape}. 


the inner aspect of the thigh. Eighteen to 19 hours Four of the patients, in whom one of the plei- 
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T BLE 2. Electrolyte and Protein Data on Patients Manifesti 


Sodium Out 

Patient a rae 
Via Via 

sump urine 


sodium 


Per cent of 


mEq Total 


mEq 


2: | 1,638 147 | 91 


.. H. 698 148 | 82 
mie. 1,239 1,474 | 45 
. 630 934 | 


338 
439 


(chest) 
(abd) 


| 1,262 | « 
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Chloride Out 
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Urine 


Sump 


chloride | 


Before 
aspira- | 
tions 


mEq/L 
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ng The Sump Phenomenon During The Period of Study 


Plasma Sodium Serum Proteins 
Protein Out 
Through 
Sump 


After 
aspirations 


Before After 
|aspirations| aspirations 


mEq/L Gm/100 Gm/100 


ml. ml. 
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138 

4 days later 
144 

| 2 weeks later 


lasma Choride 





After 
Aspirations 





mEq 


948 | 72 


Total 





3,366 | ; 





1 spaces acted as a sump, had serial x-ray films 

the chest taken during the course of treatment, 
1» show clearing of the fluid after aspiration and 
s subsequent reaccumulation. 

Of the 10 cardiac patients, five were female, and 
ve were male; all ranging in age from 18 to 62 
ears. Five of them had rheumatic heart disease 
ith chronic valvulitis, four had arteriosclerotic 
eart disease with or without hypertension, and one 
ad congenital heart disease. 

The patients in the nephrotic stage of glomerulo- 
ephritis, all males, numbered three, with an age 


Per cent of 





mEq/L 


107 


95 





range of 3 to 7 years. The one remaining patient in 
this series was a young man of 32 who had diabetes 
mellitus and who also presented the syndrome of 
Kimmelstiel-Wilson. 


RESULTS 
In table 1 the over-all clinical data are 
presented. It gives the number of aspirations 
performed during the time it took these patients 


to attain dry weight, the number and dose of 
mercurial diuretics administered, and the per 
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cent of actual weight loss attributable to the 
amount of fluid removed from the sump. Note 
that among the truly resistant cardiac and 
nephritic patients, the total amount of fluid 
aspirated accounted for 75 to 99 per cent of 
the actual weight loss. In the other patients 
whose clearing of edema was materially has- 
tened by utilization of the sump, this figure 
ranged from 27 to 52 per cent. 

Table 2 gives the electrolyte data on 12 of 
the patients who were studied in the Metabolic 
Unit. In two of the earlier patients (R. W. and 
R. D.), treated before a Beckmann flame 
photometer was acquired, urinary, aspirated 
fluid and plasma chlorides were determined 
instead of sodium. The amount of electrolytes, 
either sodium or chloride, removed via the 
sump varied from 72 to 99 per cent of the total 
output (sodium or chloride of urine plus that 
of sump fluid) in the patients with intractable 
edema, and from 31 to 82 per cent in the other 
patients whose edema cleared more rapidly as 
a result of repeated aspirations. Plasma pro- 
teins (total and albumin) as well as plasma 
sodium or chloride, before and after repeated 
aspirations of sump fluid was instituted, are 
also presented in table 2. This table shows, in 
those cases where the concentration of protein 
in the aspirated fluid was determined, the total 
amount of protein removed with the sump 
fluid; the range was from 8 to 258 Gm. Note 
that despite repeated taps, no harmful dilution 


TaB_LeE 3.—Data Showing Appearance of DO in 
Sump Fluid Following Its Subcutaneous Adminis- 
tration in Area of Dependent Edema 


DO DO 


eee ae Concentration 
Administration 18 Hours Later 


Patient Amount 
given 
subcu- Site 
tane- 
ously 


| Chest 


fluid Blood 


ml, Per cent Per cent 
Pleural 50 | Thigh, | 0.124) 0.126 
cavity, | left 
right 
Pleural 50 Thigh, 0.205 0.205 
cavity, left 
right 


* No weight change in these two patients during 
the 18 hours of observation. 


of either blood electrolytes or of blood prote’ 
resulted. 

The data in table 3 were obtained to sho y 
that a tagged material such as DO, when i 
troduced subcutaneously into a dependent px 
tion of the body, found its way into the sun 
after a relatively short period of time. D, 
thus administered was found in perfect eq 
librium between the chest fluid and_ blo 
plasma after 18 to 19 hours. 


CasE SUMMARIES 


Case summaries of the 4+ patients who pi 
sented truly resistant edema that could | 
relieved only by repeated fluid drainage fro 
a sump will be reviewed. In the 10 other p: - 
tients in this series, clearing of moderate! 
resistant edema was significantly accelerate | 
by the same procedure. The essential data ¢ 
these patients are shown in the_ precedin : 
tables. 


Case 1. J. P. was a 314 year old boy whose trouble 
started with a series of severe upper respiratory 
tract infections one year prior to hospital admission 
on Feb. 20, 1949. Onset of edema came two months 
later, immediately following tonsillectomy. Up to 
the time of admission, there were several episodes of 
diarrhea, abdominal pain, fever, upper respiratory 
tract infection and urticarial rashes. Edema had 
appeared intermittently, but became persistent and 
progressive about three months before admission. 
On admission he was truly anasarcous, with pitting 
edema from the toes to the scalp, and had a gro- 
tesquely protuberant abdomen tight with ascitic 
fluid. He presented a full-blown picture of the 
nephrotic stage of glomerulonephritis with al- 
buminuria, cylindruria, microscopic hematuria, 
hypercholesterolemia, low serum proteins with in 
verted albumin-globulin ratio and no uremia (blood 
urea nitrogen 7 mg. per 100 cc.). Marked relief was 
obtained after the first paracentesis in which 3200 
ml. of fluid were removed. As shown in table 1, 
during a nine-day period, when a total of 8.2 liters 
were drained from the abdomen, the total edema 
weight loss was 9.2 kg., or 20 pounds! The aspirate: 
fluid accounted for 89 per cent of this weight loss. 
The electrolyte data presented in figure 1 demon 
strate strikingly the much greater loss of excess bod 
sodium through repeated drainage of the abdome: 
as compared with the exceedingly small amounts 0: 
this electrolyte excreted through the kidneys, dé 
spite repeated injections of Thiomerin. Actual ca 
culations show that of the total loss of sodium, 9 
per cent came out through the sump. (See table 2 

This boy was edema-free for a few weeks followin 
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Fic. 1: Graphic representation of data on patient 
J. P., male, age 344. 


discharge. Subsequently, fluid reaccumulated in the 
abdomen and required tapping every 10 days over a 
period of many months. At the time of writing, he 
has been free of edema during the last 12 months. 


Case 2. F. J., a 52 year old man, had a high grade 
mitral stenosis resulting from recurrent episodes of 
rheumatic fever in childhood. Symptoms of cardiac 
decompensation started two years before he was 
seen by us in July, 1952. During the six months im- 
mediately preceding our study, he had been re- 
peatedly hospitalized, with no relief following the 
institution of digitalis therapy, the customary low 
sodium diet with acid diuretics and frequent doses of 
mercurial diuretics. Massive right hydrothorax had 
heen aspirated only a few times for mechanical relief 
of compression of the lung. On admission, he was 
deeply cyanotic, mentally confused, anasarcous; he 
had peripheral edema reaching half way up the 
torso, bilateral hydrothorax, ascites and marked 
hepatic congestion (lower border of the liver 5 inches 
lLelow the right costal margin). 

He was promptly redigitalized, placed in an 

<ygen tent and on a high-fluid, neutral diet and 
:mmonium chloride regimen. Even after proper hy- 

‘ation, it was found that injections of Thiomerin 
: sulted in only small diureses of sodium; hence a 

‘ogram of repeated aspiration of the right pleural 

ace was begun. Thoracentesis was performed on 

ie right pleural cavity seven times over the period 

21 days shown in figure 2. The amount of fluid 

moved ranged from 2800 ml. with the second 
ioracentesis to 1200 ml. removed during the sixth 
spiration. In this patient, the total amount of 
uid removed via the sump, 13.3 liters, accounted 
wr 87 per cent of the edema weight loss of 15.2 kg. 
‘his figure tallies closely with that of 85 per cent of 
he total excess body sodium removed mechanically 
hrough the sump, by calculation from electrolyte 
ata. (See table 2.) 
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Fic. 2: Graphic representation of data on patient 
F. J., male, age 52. 


As seen in the accompanying series of chest x-ray 
films (fig. 3), the right pleural space kept refilling 
with fluid after repeated aspirations. The first plate 
taken on Aug. 8, 1952, prior to thoracentesis, shows 
free fluid; following this film, 1700 ml. of fluid was 
drained. An x-ray film made the same day, shortly 
after tapping, shows clearing of virtually all fluid. The 
film taken on Aug. 20, 1952, shows some reac- 
cumulation of free fluid (he had been drained of 
1,800 ml. on Aug. 12, 1,200 ml. on Aug. 14., and 
1,300 ml. on Aug. 18, 1952). The picture taken on 
Oct. 6, 1952 shows massive reaccumulation of fluid 
and a thoracentesis immediately following yielded 
2,000 ml. of fluid. 

At the time of discharge, this patient was edema- 
free, but subsequently the righ€ pleural cavity had 
to be tapped 25 more times at intervals of three to 
seven days to prevent recurrence of peripheral edema 
and hepatic passive congestion. Six more thoracente- 
ses were practically dry taps, resulting in withdrawal 
of only 4 to 30 ml. of fluid. After having been free 
from recurrence of hydrothorax and from peripheral 
edema for several months he submitted to cardiac 
surgery for mitral valvuloplasty in Boston. He died 
unexpectedly one hour following surgery. 


Case 3. R. W. was 7 years old when he came to us 
in the summer of 1948 with massive anasarca result- 
ing from glomerulonephritis. He had had several 
bouts of upper respiratory tract infection during the 
preceding two winters. Edema set in 15 months be- 
fore admission; it had been preceded for one month 
by a noticeable change in disposition. There were 
intermittent spontaneous remissions and exacerba- 
tions of edema, but following an episode of vomiting, 
diarrhea and fever two months prior to admission, 
edema became persistent and progressively worse. 
There had been no gross hematuria. 

Upon admission the child was almost unbelievably 
anasarcous (weight 49.2 kg.). The face was full; the 
palpebral fissures narrowed to mere slits. There was 
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Fig. 3. Serial chest roentgenograms on patient F. J., male, age 52. The first and second chest 
plates were taken on the same day, before and after aspiration. 


deep edema up to the shoulders and axillae. The 
abdomen (circumference 39.5 inches) was grotesquely 
distended with free fluid, with some brawny pitting 
edema of the abdominal wall itself. The scrotum and 
penis were practically one contiguous globular mass. 
The legs were so tremendously and tightly swollen 
with edema that the child had to spread them apart 
to be comfortable. The complexion was deathly pale. 

Admission urine showed 3 plus albumin with a few 
granular casts, 2 to 5 red blood cells and 5 to 7 white 
blood cells per high power field. The red blood cell 
count was 3.4 million and hemoglobin 11.7 Gm. 
Blood urea nitrogen was 10.5 mg. per 100 cc. The 
total protein was only 4.03 Gm. and the albumin 
1.44 Gm. per 100 ce., despite the preceding high 
protein feeding. Cholesterol was 492 mg. per 100 cc. 

Despite meticulous care in instituting the diuretic 
regime and in spite of the frequent and repeated 
doses of mercurial diuretics, 72 per cent of the excess 
chloride in the body by-passed reluctant kidneys and 
was removed by mechanical drainage of the peri- 
toneal space (table 2). Figure 4 shows graphically 
the weight change in relation to paracentesis. Be- 
tween taps, the weight remained stationary, but was 
brought down stepladder-wise with each tap. Clini- 
cally, while the weight remained stationary between 
paracenteses, signs of peripheral edema diminished 
while fluid reaccumulated in the abdomen. 

This boy went home entirely free of peripheral 
edema on the thirty third day, the weight then 
being 26.7 kg. (edema weight loss of 22.5 kg.). He 
was seen eight months later at which time he was 
free of edema and the urine showed no albumin. He 
had mild recurrence of edema once or twice sub- 
sequently for about a year, but he is, at the time of 
writing, a normally developed 13 year old boy, ap- 
parently recovered from glomerulonephritis. 


Case 4. K. H. was a 62 year old man who had 
aortic valvulitis with stenosis and insufficiency at- 
tributed to preceding rheumatic infection. He had 
complained of exertional dyspnoea for many years, 
and had known of a heart murmur for about eight 
years prior to hospital admission in August, 1951. On 
two previous admissions in 1950 and July 1951, under 
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Fig. 4: Graphic representation of data on patient 
R. W., male, age 7. 


a different service, right hydrothorax had been found 
but thoracentesis was not done. He had complained 
of orthopnoea on each admission; there was hardly 
any peripheral edema. 

During this admission he incidentally developed 
an acute cholecystitis for which cholecystectomy 
was performed and from which he recovered un- 
eventfully. Postoperatively the right pleural space 
was drained repeatedly at intervals of two to four 
days. The data are shown graphically in fig. 5. As in 
the preceding three cases, relatively small amounts 
of sodium were coaxed out through the kidneys. 
Most of it was removed mechanically via the sump. 

Following discharge from the hospital, K. ‘I. 
underwent further repeated thoracenteses at inter 
vals of one to three weeks for a period of fi 
months. He was entirely relieved of dyspno: 
during that period and felt well. Sudden dea 
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Fie. 5: Graphic representation of data on patient 
K. H., male, age 62. 


came six months later under circumstances not 
known to the writers. 


HistoricAL COMMENT 


Drainage of abnormal accumulations of fluids in 
body spaces dates back to antiquity. Hippocrates 
performed it in his day, with often fatal results and 
the procedure was practiced through the ages and 
recorded by Galen, Aurelianus, Celsus, Aetius, 
Avicenna and other notable medical men of history.? 
Among the first to perform abdominal paracentesis 
during the modern era were Alexander Monro 
(secundus) and William Hewson, around 1770.* 
\dolf Kussmaul pioneered in the procedure of 
thoracentesis in modern times, his first operation 
having been performed in 1868.4 

The high mortality rate caused by sepsis following 
cither procedure in the early days is understandable. 
!‘ollowing the era of Pasteur and Lister, however, 
hbdominal and thoracic paracenteses were not 

entirely absolved from immediate or remote danger. 
‘‘apps® concluded from his experimental investiga- 

ons that sudden death following thoracentesis was 
used by a pleural reflex resulting in direct cardiac 
hibition. Other causes of immediate fatality follow- 

g thoracentesis were attributed to air embolism‘, 
monary thrombosis following lung puncture with 
’ without embolism to the heart or brain, and acute 
ulmonary edema.? 

Literature on the deleterious effects of abdominal 
iracentesis is confined mainly to observations in 
scites associated with cirrhosis of the liver. Sus- 
\ined and progressive lowering of blood pressure 
erminating in shock following drainage of large 
mounts of ascitic fluid is abundantly described in 
he literature. Lichtman* mentions the not too in- 


frequent rapidly downhill course following a para- 
centesis. He attributes this to “.. . the loss of large 
amounts of protein, electrolytes, water and other 
vital substances.” Cantarow® warned against a 
steady fall in serum protein concentration due to 
dilution of blood plasma. On the other hand, 
Mircoli and Ferroni in 1940,!° reporting studies on 
cirrhotics conducted over a period of two to eight 
months, showed that withdrawal of ascitic fluid 
produced only a moderate reduction in the protein 
content of the blood in the majority of instances. 
Restoration of previous levels usually occurred 
within a week. 

Eisenmenger and co-workers," who carried out 
extensive electrolyte studies on patients with cir- 
rhosis of the liver, reported that in some patients 
aspiration of ascitic fluid causes an immediate and 
precipitous fall of serum sodium followed by gradual 
return to preaspiration levels. Gabuzda and co- 
workers” as well as Nelson and his co-workers® have 
reported the same observations. The latter em- 
phasized the fact that such a drop in serum sodium 
following paracentesis is more apt to occur in 
patients with advanced cirrhosis of the liver. 

A careful search of the literature has failed to re- 
veal studies of the effect of repeated aspiration on 
blood proteins and electrolytes in congestive heart 
failure and glomerulonephritis. Nevertheless, the 
argument has been advanced that repeated para- 
centesis or thoracentesis might have the same 
deleterious effect in those two conditions as in 
cirrhosis of the liver. 


DISCUSSION 


The mechanical drainage of free fluid from 
serous cavities in congestive heart failure and 
in the nephrotic stage of glomerulonephritis 
has heretofore been advocated only for relief 
of compression of the lungs or of oppressive 
distension of the abdomen. Usually abdominal 
paracentesis is performed in nephritic patients 
with ascites in the hope, often vain, that ‘‘de- 
compression” of the kidneys will initiate a 
diuresis. 

Observations on the present series of patients 
have been described in detail in order to intro- 
duce the concept of the sump and to show that 
utilization of this phenomenon can be of tre- 
mendous help in the management of patients 
with absolutely or relatively intractable 
edema. In these cases, the stimuli directing the 
renal tubules to conserve sodium and water 
(desoxycorticosterone-like and antidiuretic hor- 
mones) are presumably so intense as to make 
elimination of excess body sodium and water 
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via the kidneys impossible. Accordingly, to 
afford relief of edema in such cases, the kidneys 
have to be by-passed. 

The clinical picture of a diminishing periph- 
eral edema while fluid reaccumulated (with no 
weight increase) in the sump just aspirated; 
the series of chest x-ray films showing refilling 
of the sump following aspirations; and finally, 
the demonstration that a tagged material 
(D.O) administered subcutaneously into an 
area with peripheral edema found its way 
into the body space involved, all prove un- 
equivocally the existence of the sump phe- 
nomenon in the patients described. 

In describing the effects of paracentesis in 
cirrhosis of the liver, Nelson made the same 
observation that following paracentesis, periph- 
eral edema often decreased during the post- 
aspiration period while ascites reaccumulated, 
with no change in body weight. This phe- 
nomenon has been observed by many clinicians 
in patients subjected to periodic aspirations 
because of ascites due to advanced heart disease 
or cirrhosis of the liver. There was relief of the 
tense, shiny distension of the lower extremities 
after aspiration as the abdominal fullness was 
recurring. However, the significance of the ob- 
servation was not grasped, due to the failure 
to weigh the patients and to appreciate that a 
shift of edema fluid had occurred. The practice 
of removing several gallons of fluid only when 
absolutely necessary was the common practice 
then, and still is, even now. 

It was observed in some of our cases that in 
order to forestall a recurrence of peripheral 
edema after dry weight had been attained, it 
was necessary to aspirate the sump at intervals 
for some months. Failure to do so after 500 ml. 
to 1500 ml. had collected in the sump was 
followed by the reappearance of peripheral 
edema, indicating that seepage from the swmp 
was occurring in the opposite direction, i.e. 
out from the sump into the interstitial spaces. 

Thoracenteses and paracenteses were per- 
formed 77 times in this series of 14 patients, 
and in no instance was the procedure followed 
by immediate or remote untoward reactions or 
complications. In those cases with massive hy- 
drothorax (2800 ml. drained in one instance), 


the precaution of partial air replacement during 
the procedure, after aliquots of 400 to 600 ml. 
had been drained, was observed. No striking 
dyspnoea nor unrelievable pain developed, and 
no evidence of “pleural reflex”? with or without 
vardiac inhibition was encountered. The pro- 
cedure of air replacement prevented, of course, 
any undue negative pressure within the thorax, 
and produced a hydropneumothorax in which 
there was rapid absorption of the air and no 
excessively rapid refilling of the thorax with 
fluid. 

Tight abdominal binders applied over large 
packs after abdominal paracentesis prevented 
the occurrence of shock or untoward disturb- 
ances even after drainage at one sitting of huge 
amounts of ascitic fluid amounting in one 
instance to 33.5 liters in one of our patients 
(not in this series), a man 62 years of age with 
arteriosclerotic heart disease, a record amount 
not exceeded since, in our experience. 

In this series was a 7-year-old boy, R. W. 
with a body weight of 26.4 Kg (when edema- 
free) from whom more than 8 liters of 
abdominal fluid were drawn at one sitting with- 
out inducing any untoward reaction. 

In almost all instances of abdominal para- 
centesis a prophylactic antibiotic (penicillin 
unless contra-indicated) was administered the 
day of and the day following the procedure. If 
drainage persisted beyond 48 hours the anti- 
biotic was continued without interruption until 
the paracentesis site was closed. Similar protec- 
tion was offered when aspiration of a pleural 
cavity was performed frequently in a frail or 
poorly nourished patient. 

The fact that neither hypoproteinemia nor 
hyponatremia developed after repeated drain- 
age of sump fluid in this series of cardiac and 
nephritic patients needs to be emphasized. 
Even though significant amounts of protein 
were removed by repeated aspiration, protein 
synthesis by the liver evidently was sufficiently 
rapid for replacement so that hypoproteinemia 
did not develop in those with normal serum 
protein concentrations and there was no 
further lowering of serum protein values in 
those who had hypoproteinemia at the be- 
ginning of treatment. It should be recalled 
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‘at the concentration of protein in the edema 
‘uid, including that of chest and abdominal 
uid of such patients, is usually not as great 
s that usually encountered in cirrhotics. This, 
long with the fact that protein synthesis by 
ne liver in cirrhotics is necessarily impaired, 
iay account for the difference in our own 
<perience from that of others'': *- '’ who have 
oted a sharp decline in serum protein concen- 
ration following abdominal paracentesis in 
. irrhoties. 

With the exception of one (J. P.) who de- 
eloped a transient lowering of plasma sodium 
concentration, none of the patients in our 
eries developed hyponatremia as a result of 
repeated aspirations. This is easily understood 
if one remembers the fact that the fluid re- 
moved mechanically is but an aliquot of the 
total extracellular fluid, and, therefore, con- 
tains water and_ electrolytes (principally 
sodium) in the proper proportions. 

Hyponatremia developing as an immediate, 
transient complication following paracentesis 
in cirrhosis of the liver cannot be denied. It is 
reported in well-documented and _ detailed 
electrolyte studies." ?: It will be noted from 
these reports, however, that this complication 
is more apt to occur only in the far advanced 
cirrhoties. 

A brief review of the current concepts of 
electrolyte and water metabolism as well as of 
edema formation might be of help in under- 
standing the occurrence of this reported com- 
plication. As Newburgh" has pointed out in 
an excellent review of the subject, the extra- 
‘ellular fluid in health is characterized by 
‘onstaney of concentration of each of its in- 
rganic constituents, and also by relative fixity 
f its fluid volume. These two features are 
inder separate control, working through the 
idneys which are the final guardians of the 
‘milieu interne.”’ The reabsorption of sodium 
s controlled by an adrenal cortical hormone, 
ut the body content of water is governed by 
the antidiuretic hormone through regulated 
reabsorption of water. Constancy of concen- 
tration of sodium is maintained in health, so 
that there must be coordinated activity of these 
functions, causing the rate of absorption of 


sodium to keep pace with the reabsorption of 
water. At the present stage of our knowledge, 
we do not know the ultimate nature nor the 
seat of this coordinating mechanism. 

In edema, whether it be the anasarca of 
heart failure, the nephrotic edema of glomerulo- 
nephritis, or the ascites of cirrhosis of the 
liver, the organism has become abnormally 
geared to maintain an excessively large volume 
of extracellular fluid. However, except in the 
far-advanced or deteriorated cases, coordina- 
tion between the two factors which govern 
renal tubular reabsorption of sodium and of 
water is still maintained, as evidenced by per- 
sistence of normal concentration of sodium in 
the extracellular fluid, including edema fluid. 
In the far-advanced cases, be they cardiacs, 
cirrhotics, or nephritics or patients with a 
combination of severe heart, liver and kidney 
damage, whatever the primary difficulty might 
be, the stimulus for maintenance of an ab- 
normally large volume of extracellular fluid 
is so intense that when measures such as 


dietary sodium restriction and mercurial 


diuretics are instituted for the prevention of 


further accumulation and for the elimination o- 
excess body sodium, normal sodium concentraf 
tion in the extracellular fluid is sacrificed for 
volume; i.e., such patients do lose body sodium, 
but retain  disproportionately excessive 
amounts of water, resulting in the picture of 
edema with hyponatremia. In these patients, 
loss of sodium with resulting hyponatremia 
may and does occur from administration of 
mercurial diuretics, due to abnormal losses 
through the gastrointestinal tract with diarrhea 
and/or vomiting, or due to aspiration of 
thoracic or abdominal fluid accumulations. 
What needs to be emphasized here is the fact 
that in such far-advanced cases, it is not the 
aspiration of fluid, but any loss of sodium, 
which can initiate the development of hy- 
ponatremia. This fact is often overlooked in 
attributing hyponatremia solely to aspiration. 

Evidently, none of the patients in the series 
of cardiac and nephritic patients described 
in this paper falls in the above category. Our 
patients, with the exception of one who had 
a transient hyponatremia, all maintained a 
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normal concentration of plasma sodium after 
repeated aspirations and while being main- 
tained on a diuretic regimen with moderate 
dietary sodium restriction. 


SUMMARY 


Fourteen cases of massive peripheral edema 
with hydrothorax and/or ascites have proven 
resistant to the usual methods, but have been 
relieved by successive aspirations of fluid 
from either the pleural or peritoneal spaces. 
The repeated aspirations did not lower the 
plasma sodium nor protein level; nor were 
they followed by immediate postaspiration 
diuresis. 

From 27 to 99 per cent of the sodium and 
water eliminated, to achieve a dry weight, was 
removed mechanically, rather than coaxed 
out via reluctant kidneys. In some instances 
dry weight was achieved with a weight loss 
which corresponded very closely to the weight 
of the aspirated fluid. In the intervals between 
aspirations, the signs of fluid in the chest or 
abdomen increased as the signs of peripheral 
edema decreased without any change in total 
body weight. The fluid of the interstitial space 
and of the untapped space appeared to seep 
readily into the sump from which the fluid 
had ‘ust been removed. 

In most instances after dry weight was 
reached, the usual regimen, which had been in 
force from the beginning but had proven inef- 
fective, was effective in preventing reaccumula- 
tion of fluid. However, in some instances, it’ was 
observed that in order to anticipate or prevent 
a recurrence of peripheral edema and either 
hydrothorax or ascites, it was necessary to 
aspirate the sump at intervals for some months. 
Failure to do so after 500 ml. to 1500 ml. had 
collected in the sump was followed by the 
reappearance of generalized edema, suggesting 
that seepage from the swmp was occurring in 
the opposite direction. 

The advantages of the recognition of the 
sump phenomenon are obvious in those pa- 
tients in whom, because of intense hormonal 
stimulation of the renal tubules to conserve 
sodium and water, loss of edema is impossible 
in spite of proper attention to the usual 
regimen. As a means of by-passing reluctant 


kidneys the utilization of the sump phenom: 
non has proven simple, safe and effectiy 
clinically in some very obstinate cases. 


SUMMARIO IN INTERLINGUA 


14 casos de massive edema peripheric co 
hydrothorace e/o ascites se provava resistent> 
al methodos usual sed esseva alleviate per 
successive aspirationes de fluido ab le cavitate s 
pleural o peritoneal. Le repetite aspiratione; 
non abassava le nivello plasmatic de natriur) 
o proteina. Illos etiam non esseva sequite per 
immediate diuresis postaspirational. 

In alicun casos le peso del fluido aspirat» 
amontava quasi completemente al excesso qu2 
le patiente debeva perder pro restituer su pes» 
non-edematose. In le varie casos, inter 99 e 27 
pro cento del natrium e aqua edematose esseva 
assi eliminate per medios mechanic (e non 
fortiate a quitar le corpore via le renes re- 
luctante). Durante le intervallos ab un aspira- 
tion al altere, le signos de fluido in le thorace o 
abdomine accresceva in proportion al reduction 
de signos de edema peripheric durante que le 
peso total del corpore non se abassava. Le 
fluido interstitial como etiam le fluido in 
spatios non-aspirate pareva filtrar sin difficul- 
tate a in le spatio ab que le fluido habeva 
justo essite removite. Le spatio, de facto, 
ageva como un specie de “cisterna collector.” 

In le majoritate del casos le peso non- 
edematose—quando illo esseva establite per le 
aspirationes de fluido—poteva esser mantenite 
per medio del regime traditional que—ben que 
in uso ab le initio—habeva previemente rema- 
nite inefficace. Nunc, nonobstante, illo serviva 
efficacemente a prevenir le re-accumulation del 
fluido. Sed in alicun casos il esseva observate 
que pro prevenir le recurrentia de edema 
peripheric plus hydrothorace o ascites, i! 
esseva necessari aspirar le ‘‘cisterna”’ a inter 
vallos regular durante un periodo de plure 
menses. Si isto non esseva facite quando wi 
quantitate de 500 a 1500 ml esseva accumulat« 
in le “cisterna”, le consequentia esseva un 
re-apparition del edema general. Isto indicava 
que il habeva un filtrage de fluido ab le “cis- 
terna’’ in le direction inverse. 

Le avantages del recognition de iste pheno 
meno del “cisterna”? es obvie in le caso dé 
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p itientes in le quales le plus stricte observation 
d-l regime usual non pote resultar in le sup- 
y ession del edema proque un intense stimula- 
t on hormonal fortia le tubulos renal a con- 
s rvar natrium e aqua. Como medio de cir- 
‘imvenir le obstaculo de renes reluctante, le 


( 

u ilisation del phenomeno del “cisterna” se ha 
;rovate simple, sin risco, e clinicamente 
eficace mesmo in casos que esseva multo 
»stinate. 
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Mechanisms of Intermittent Ventricular 
Bigeminy 


J. Appearance of Ectopic Beats Dependent Upon Length o! 
the Ventricular Cycle, the “Rule of Bigeminy” 


By R. Lancenporr, M.D., A. Pick, M.D., anp M. Winternitrz, M.D.+ 


In order to analyze the cause for the appearance and disappearance of ventricular premature sys- 
toles giving rise to temporary bigeminal rhythm, the electrocardiographic material was divided 
into two major groups: group A, consisting of ectopic beats with fixed coupling occurring during 
grossly irregular dominant rhythms, and group B, consisting of ectopic beats with varying coupling 
occurring during regular dominant rhythms. Analysis of group A, the subject of the present report, 
shows a definite relationship between the duration of the ventricular cycle and the occurrence of 
ventricular premature systoles, in that long cycles favor their appearance whereas short cycles 
tend to preclude it. This “rule of bigeminy” is best explained on the basis of a re-entry mechanism 
of the ventricular premature systoles. Criteria are given for the differential diagnosis between 
ventricular premature systoles and aberrant ventricular conduction of supraventricular impulses 
which is prone to occur under similar circumstances. The analysis of group B is presented in a 


subsequent report. 


IGEMINY, as a descriptive term! of 

cardiac irregularity refers to a con- 

tinuous alternation of short and long 
vardiac cycles, corresponding to the phenom- 
enon of pulsus bigeminus diagnosed at the bed- 
side on palpation of the radial pulse. Such a 
grouping of ventricular beats may be the result 
of a number of different mechanisms involving 
a disturbance of impulse formation or impulse 
conduction, or a combination of both; an 
unusual example of the latter as a result of 
reciprocal beating was presented in a previous 
report from this department.? 

The present report is confined to an inves- 
tigation of the various mechanisms operating 
in the most common variety, intermittent 
bigeminy due to ventricular premature systoles. 
For many years we have been impressed by 
the observation that in auricular fibrillation 
the occurrence of ectopic ventricular beats 
causing bigeminy seems to bear a certain rela- 
tion to the duration of the ventricular cycle, 
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a fact which has received only scarce attention 
in the literature.*: + A different group of cases 
in which intermittence of ventricular bigeminy 
could be ascribed to a re-entry mechanism was 
described from this laboratory.®° Since our 
attention has been focused on the problem, a 
third group of cases caused by a parasystolic 
mechanism was recognized. It seemed to us 
that the various circumstances under which 
ventricular bigeminy starts and ends might 
have wider implications and that the under- 
standing of the factors responsible for initiation 
and termination of ventricular bigeminy may 
contribute to the clarification of ectopic prema- 
ture systoles in general. The first part of our 
study deals with the factor of ventricular cycle 
length influencing the appearance and disap 
pearance of ventricular premature systoles. 
Other causes of intermittence of ventricular 
bigeminy as revealed in the course of the anal 
ysis of the material form the basis of a sub 
sequent paper. 


MATERIAL AND METHODS 


Thirty-one examples of intermittent ventricula 
bigeminy caused by ventricular premature systole 
were selected from the electrocardiographic files o 
the Heart Station, the only criterion for selectioi 
being a sufficiently long recording to permit a de 
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Fic. 1. Intermittent ventricular bigeminy caused by ventricular pre- 
mature systoles in auricular fibrillation. The three strips are portions 
of a long record in lead II. The conventions in the diagram below the 
record are as follows: The scale in the center gives the range (in 
hundredths of a second) of all R-R intervals terminated by conducted 
(supraventricular beats) in the entire tracing. Those R-R intervals ~~ 
succeeded by a ventricular premature systole are plotted as dots to 
the right of the scale; those R-R intervals not followed by a pre- -80 - 
mature systole appear as circles on the left of the scale. 

Auricular fibrillation is diagnosed in the usual way. In all three -70- 
strips the sequence of supraventricular beats (average rate 85) is 998888 | 
temporarily replaced by bigeminy due to ventricular premature 0000999998 s <6Oc 
systoles with fixed coupling and uniform contour (except for one beat ooo see eeeee 
labeled Vr). Bigeminy starts when the R-R between two conducted ogoogseseS «6-50 
beats lengthens; it continues as long as the pause after the premature 
systole is long; and it ends when this pause shortens. Thus, in A, 
bigeminy consists of a short run, in B it continues to the end of the 
strip and in C it terminates with the first premature beat. The beat 
labeled Vy is a variety of the same phenomenon. Subsequent to a long R-R, an ectopic beat appears 
at the same coupling as the others, but is intermediate in contour between the dominant and the 
bizarre ectopic beats. This is a ventricular fusion beat caused by ventricular interference of the 
ectopic ventricular impulse (occurring because of the long pause) and a conducted auricular impulse 
which crossed the A-V junction at the same time that the ectopic impulse was released. 

The diagram reveals that premature systoles occurred whenever an R-R interval became longer 
than 0.70 second, and failed to appear when the R-R was shorter than 0.60 second. Within a small 
range of R-R between 0.60 and 0.70 second, the presence or absence of premature systoles had about 
the same frequency. Thus, the dependence of bigeminy upon the duration of the cardiac cycle is 
clearly revealed. 
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tailed study. No attempt was made at an exhaustive 
survey of the many records exhibiting this type of 
-trhythmia. It soon became obvious that on the 
asis of the spacing of the dominant and ectopic 
‘eats the material could be divided into two main 


In group A, the irregular ventricular beating 
had been recorded in long strips. The duration of 
each ventricular cycle was carefully measured. The 
various R-R intervals encountered in each case, 
except the fixed coupling of the ectopic beats, were 


roups, namely, (A) a group of 17 records from 14 
vatients in which the coupling of the premature 
ystoles was practically fixed and the dominant 
hythm was grossly irregular, the cases considered 
n this paper, and, (B) a group of 14 records from 12 
vatients in which the coupling of the premature 
ystoles varied but the dominant rhythm was prac- 
ically regular, the subject of a second communica- 
ion. 


charted in relation to the occurrence or the absence 
of a subsequent ectopic beat. Representative ex- 
amples of such electrocardiograms and graphs are 
reproduced in figures 1, 2, 3 and 4, and details of 
the analysis are presented in the respective legends. 


RESULTS 


In 16 of the records, the ventricular irregu- 
larity was marked, in 15 caused by auricular 
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Fig. 2. Intermittent ventricular bigeminy in auricular fibrillation with A-V dissociation and a 
slightly irregular A-V nodal pacemaker. The three strips are consecutive (but not continuous) por- 
tions of a long lead II. R-R intervals of the entire tracing—except the short coupling of premature 
ventricular beats—are plotted in the diagram below. The conventions in the diagram are as in figure 1. 

The presence of auricular fibrillation is suggested by the irregular undulations of the baseline 
and was clearly seen in numerous preceding and subsequent records. In the record shown, there is 
complete A-V dissociation, the ventricles being under the command of an accelerated nodal pace- 
maker; temporarily its action is disturbed by ectopic ventricular premature systoles (the bizarre 
beats) appearing after every nodal beat (ventricular bigeminy). The sequence of nodal beats is other- 
wise regular (R-R equals 0.74 second, corresponding to a rate of 81), except for the beat ahead of 
the first ventricular premature systole in the bottom strip; here, the nodal interval lengthens to 
0.80 second. The premature ventricular beats show some variation in contour and have with one 
exception (see below) a constant coupling (0.54 second) to the nodal beats. Their distance to the 
subsequent nodal beats is 0.94 second, 0.20 second longer than the interval between two consecutive 
nodal beats. This is due to (concealed) retrograde discharge of the A-V nodal pacemaker by the 
ectopic ventricular impulse, and possibly to some depression of the nodal pacemaker consequent to 
this premature extraneous discharge. Thus, at the time of ventricular bigeminy, A-V dissociation 
persists as in the other parts of the tracing. The exception to be noted concerns the first premature 
beat in the bottom strip. Its coupling is shorter (0.40 second) and the subsequent nodal interval is 
longer (1.04 second) than elsewhere. The shortening of the coupling can be ascribed to recovery of 
impulse conduction in a re-entry path; the prolongation of the nodal interval can be ascribed to a 
delay of retrograde transmission of the ectopic impulse to the nodal pacemaker, since it occurred 
earlier in the cycle. 

An analysis of the entire tracing, summarized in the diagram, shows that the A-V dissociation 
was not complete, occasional conducted auricular impulses being represented by the short R-R 
intervals. The diagram also shows slight irregularity of the nodal pacemaker with variations in 
its cycle by +0.05 second. Finally, the diagram shows clearly the relationship of appearance of 
ectopic beats to the length of the cycle. With a few exceptions, long ventricular intervals are fol- 
lowed by an ectopic premature beat, whereas short ones appear to preclude its appearance. As seen 
in the bottom strip of the tracing, even slight spontaneous prolongation of the nodal interval is 
sufficient to initiate a bigeminus, with subsequent self-perpetuation of bigeminy on account of the 
long ventricular intervals following each premature beat. This continues until a premature beat 


fails to appear (upper strip) and the original short nodal interval is restored, whichin turn prevents 
the reappearance of the ectopic beats (middle strip). 
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Fic. 3. Diagrams of three other cases of auricular 
filrillation with intermittent ventricular bigeminy 
analyzed in the same manner as in figures 1 and 2. 
The conventions are as in figure 1, except that the 
scale indicating the duration of the R-R intervals has 
been moved to the right and left border. 

The relation of occurrence of premature ven- 
tricular systoles to the long R-R intervals is obvious: 
no R-R interval shorter than 0.88 second is followed 
by a bigeminus. However, there is an overlap in the 
range above 0.90 second, most marked and complete 
in the middle diagram. This failure of premature 
systoles to appear when expected can be accounted 
for on the assumption that on occasion, after a long 
ventricular pause, re-entry, responsible for the 
ectopic beats, is initiated as usual, but the impulse is 
stopped short after entering the re-entry path, or 
fails to leave it after completion of the sweep (see 
text). Thus, the ordinary manifestation of re-entry, 
a premature systole, does not occur. The re-entry, or 
the attempt at re-entry, remains concealed. 


fibrillation (figs. 1 and 3), in one by a sinus 
arrhythmia (fig. 4). One case of auricular 
fibrillation (fig. 2) showed less pronounced 
variations in ventricular cycle length due to 
the presence of incomplete A-V dissociation 
with a slightly irregular nodal pacemaker. In 
n») ease did the coupling of the ectopic beats 
v ry by more than 0.08 second. The intervals 
s parating the ectopic beats were neither equal 
ror reducible to a common denominator. The 
regularity of the interectopic intervals fol- 
| wed the irregularity of the fundamental 
: :ythm and revealed in no instance an arrange- 
ent characteristic of Wenckebach periods.®: 7 
‘hus, the possibility of a parasystolic mecha- 
sm, without or with exit block, could be ruled 
it in each case. 
In all records a striking consistency was 
und in that ectopic beats occurred only after 


long ventricular cycles, and failed to do so 
when the cycle was short. In fact, a dividing 
line could be drawn in the ventricular cycle 
lengths in relation to whether or not an ectopic 
beat appeared (see charts in figs. 1 to 4). How- 
ever, exceptions occurred mainly in the range 
of the longer cycles. Actually, in some cases a 
considerable overlap was found in that many 
long R-R intervals failed to be followed by an 
ectopic impulse. The significance of these 
findings will be discussed below. 


COMMENT 

The separation of a certain number of cases 
with intermittent ventricular bigeminy into a 
single group was based upon two common find- 
ings, the gross irregularity of the dominant 
rhythm and the fixed coupling of the ectopic 
beats. Such a combination presents strong 
support for the concept that premature systoles 
with precisely uniform coupling are in some 
way related to, and initiated by, the beat to 
which they are coupled. While this viewpoint 
has found wide acceptance in contrast to other 
past and present viewpoints,®: ° no agreement 
has been reached as to the actual mechanism 
in operation. Based on experimental evidence, 
supported by data of neurophysiologic inves- 
tigation, the theory has been advanced that 
-ardiac tissue may under certain circumstances 
yield a repetitive response to a single stimulus.!° 
In contrast to this assumption stands the 
theory of a re-entry mechanism":  presuppos- 
ing an area of unidirectional block in the pe- 
riphery of the Purkinje tissue. When such a local 
impedance to impulse transmission develops, 
the cardiac impulse, unable to pass through 
from one direction may reach, enter and trav- 
erse it in a reversed direction and restimulate 
the chamber involved; the result being a prema- 
ture systole. 

The fact, as shown in this report, that the 
occurrence of a premature systole may be a 
function of cycle length is hard to reconcile 
with any other explanation but the re-entry 
concept. Any alteration in cardiac rhythm 
which can be shown to depend on the duration 
and variation of the cardiac cycle, can be 
viewed in the light of refractoriness and re- 
covery of cardiac tissue. The re-entry concept, 
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Fig. 4. Intermittent ventricular bigeminy due to 
ventricular premature systoles in non-respiratory sinus 
arrhythmia. The conventions in the diagram referring 
to R-R intervals of the entire long tracing are the 
same as in figure 1. P waves occur in an irregular se- 

ecccece Wuence (unrelated to respiration) and their rate 
varies between 67 and 111. Three types of ventricular 
complexes are seen. The first, with a normal QRS 
duration and a constant relationship to P waves, 
represents conducted sinus beats; a second type, 
bizarre in contour with a widened QRS, represents 
ectopic ventricular premature systoles coupled at 
0.48 to 0.52 second to a sinus beat; third, there are 
beats intermediate in contour between the first two 
types, representing ventricular fusion beats. A para- 
systolic mechanism of the ectopic beats is ruled out 
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by: (a) the failure to establish a simple least common 
divisor for the various long intervals separating the 
ectopic beats, or the ectopic and fusion beats; (b) the 
absence of the characteristic spacing of a conduction disturbance of Wenckebach type between the 
ectopic beats’. The appearance of fusion beats is explained on the basis of the marked variability of 
the temporal relationship of sinus and ectopic impulses due to a pronounced sinus arrhythmia and 
the relatively long and slightly variable coupling of the premature beats. 
The diagram reveals that premature beats did not occur unless the cycle measured 0.80 second 
or more. The occasional failure of ectopic beats to appear following a long cycle can be accounted 
for by the implication of a concealed re-entry mechanism as discussed in figure 3. 


because it implies a local disturbance of con- stimulation. In this way the occurrence of 


ductivity, can readily be applied to the ex- 
planation of the phenomenon under discussion. 
It would appear that either the pathway lead- 
ing to the region of unidirectional block 
(causing the re-entry) is open only after a 
certain period of rest, or that the region of 
block itself becomes passable in the reverse 
direction only after a certain period of rest. 
The latter assumption is the more likely one 
since the Purkinje network undoubtedly pro- 
vides a number of avenues leading to the region 
of block. Instead of postulating depressed 
conductivity in all of them, it is simpler to 
assume that there is but one region of block 
which is bidirectional at a fast rate, and 
becomes unidirectional at a slower rate of 


ventricular premature systoles which are 
dependent upon the length of the cycle can be 
explained on the assumption of a single region 
of unidirectional block in the periphery of the 
conduction system permitting retrograde prop- 
agation of the impulse, but only after a long 
ventricular pause. 

Once ventricular bigeminy is initiated in this 
matter, it tends to persist because of the lon: 
pause which follows each premature systol 
This pause in auricular fibrillation may be a¢ 
counted for on the same basis as the ordinar 
compensatory pause after premature systole 
during sinus rhythm, that is, by A-V inte: 
ference engendered by retrograde transmissio 
of the ectopic ventricular impulse, whic 
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iders the A-V junction temporarily refractory 

auricular impulses. Bigeminy usually is 

ypped when a fibrillation impulse succeeds 

traversing the A-V junction at an earlier 
i 1e and abbreviates this pause. Thus, perpet- 
: tion of bigeminy follows the same rule as its 
in tiation. 

Exceptions to this ‘rule of bigeminy”’ oc- 

rred and consisted mainly in the absence of 
vcatricular premature beats after long ven- 
tr cular cycles. However, this failure of prema- 
ture systoles to occur when expected may be 
oly an apparent exception. It is possible that 
or occasion, subsequent to a longer ventricular 
psuse, the impulse may penetrate, as do the 
others, into the re-entry pathway, but be 
stopped within the path, or fail to fan out to 
the rest of the chamber after completion of the 
re-entry sweep. In either event the ordinary 
electrical manifestation and consequence of 
re-entry, a premature systole, will be absent. 
In support of the assumption of such a ‘“‘con- 
cealed”’, completed or attempted re-entry are 


observations of a similar mechanism in re- 
ciprocal beating? and the unexpected prolonga- 
tion of the first coupling in instances in which 
intermittence of ventricular bigeminy can be 
ascribed to a progressive block within the re- 
entry pathway, as will be shown in our sub- 
sequent paper.’ 

In one instance in which the operation of the 
“rule of bigeminy”’ was observed during sinus 
arrhythmia (fig. 4), the fixed coupling was long 
and on occasion approached the duration of 
the variable sinus cycle. This led to competition 
of the sinus and ectopic impulse for the control 
of the ventricles resulting in ventricular fusion 
beats. The fact of a long coupling cannot be 
used as evidence against a re-entry mechanism, 
since two or more re-entry sweeps may occur 
before the impulse spreads out to activate the 
ventricles.“ Thus, the occurrence of fusion 
beats does not always rule against re-entry and 
in favor of parasystole, just as their absence 
does not exclude parasystole." 

When early beats with bizarre contour and 


Fia. 5. A case of auricular fibrillation in which aberrant ventricular conduction of supraventricular 
impulses imitates the occurrence of ventricular premature systoles related to cycle length. The ventricu- 
lar rate is rapid and irregular (130 in the average). Once in lead IJ, and twice in lead CF., ventricular 
complexes have a prolonged QRS and a contour of a right-sided intraventricular block. In all three 
instances these beats terminate a short cycle which succeeds an exceptionally long one. The former 
are of unequal length and not the shortest in the record. This exemplifies that aberrant ventricular 
conduction, common in cases with rapid heart action is not merely a function of rate, but largely 
depends on its sudden variations as the refractory phase of the ventricular conduction system length- 
ens with lengthening of the cycle. Hence, when a short cycle follows a long one, the beat terminating 
the short cycle tends to show aberrant ventricular conduction. 

A similar tendency of ventricular premature systoles to occur in relation to long cycles may be 
seen in intermittent ventricular bigeminy due to ectopic impulse formation (ef. figs. 1, 2, 3 and 4). 
The differentiation of the two conditions has practical importance. Fixed coupling and a long ven- 
tricular pause following the bizarre QRS-T supports the diagnosis of an ectopic origin of such beats; 
varying coupling, the contour of right bundle-branch system block, and the absence of a pause 
after it (as found in this case) are in favor of a supraventricular origin with aberrant intraventricular 
conduction. 
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prolonged QRS occur in auricular fibrillation 
(or auricular flutter with irregular ventricular 
response) it is of considerable practical impor- 
tance to distinguish between ectopic ventricular 
premature systoles and aberrant ventricular 
conduction of early supraventricular impulses. 
Such a distinction may sometimes be difficult 
since under both circumstances the resulting 
bizarre beat tends to be ‘‘coupled”’ to a beat 
terminating a long cycle (fig. 5).4 Whereas the 
occurrence of an ectopic premature systole in 
the wake of a long ventricular pause can be 
ascribed, as outlined above, to partial recovery 
of conductivity in a re-entry path, aberrant 
ventricular conduction occurring under such 
circumstances is explained by impairment of 
conductivity in ordinary ventricular conduc- 
tion pathways caused by prolongation of the 
normal ventricular refractory phase concomi- 
tant with the lengthening of the cardiac cycle. 
Usually it is the right sided bundle-branch 
system which is affected by this mechanism.'® 
The following three criteria in most instances 
should permit the correct interpretation of 
early bizarre beats during irregular ventricular 
beating. (a) Beats of ectopic origin tend to have 
a fixed coupling while the short R-R interval 
of aberrant ventricular conduction tends to 
vary in a wider range. (b) Aberrant ventricular 
complexes almost invariably show a pattern 
of right bundle-branch system block, with QRS 
prolonged in its terminal portion in contrast 
to ectopic beats which show a variety of bizarre- 
ness,. with QRS widened throughout. (c) 
Unlike premature beats of ectopic origin, 
aberrant ventricular beats do not give rise to a 
‘‘“ecompensatory”’ pause, and it is the absence of 
such a pause which prevents continuation of 
aberrant conduction in the form of bigeminy. 
Aberrant ventricular conduction may, how- 
ever, continue in the form of consecutive rapid 
beats with a similar bizarre contour and pro- 
longed QRS duration and thus imitate ven- 
tricular paroxysmal tachycardia.'®: !® 

A search of the literature reveals a number of 
cases with intermittent ventricular bigeminy 
in which appearance, perpetuation and disap- 
pearance of ectopic premature beats follow 
the stated “rule of bigeminy.” The role of the 


ventricular cycle length is seen in a unique c.ise 
of Scherf and Schott" showing, in auricular 
fibrillation, parasystole and coupled ventricutar 
premature systoles, the latter occurring 
clusively after the long cycles of the pa 
systolic beats; the only instance of failure « 
premature ventricular systole to appear vy; 
in a parasystolic beat with a short R-R inter 
Likewise, in a case of Holzmann" showin; 
ventricular parasystole and, in additi 
ectopic beats with fixed coupling giving rise 
temporary bigeminy, the latter was interrup‘ 
when the cycle length shortened. A simi ¢ 
mechanism prevails in a case reported 
Rachmilewitz and Scherf."® Katz" illustra 
in figure 374 an unusual case of sinus brac y- 
cardia and arrhythmia with bigeminy caused 
by interpolated ventricular premature systoles; 
intermission of the bigeminy coincides with 
the shortest ventricular cycle. Figures 111 
and 441 are more common examples of the 
“rule of bigeminy” in auricular fibrillation. 


SUMMARY AND CONCLUSIONS 


1. An analysis is presented of selected elec- 
trocardiograms with intermittent bigeminy 
caused by ectopic impulse formation in the 
ventricles. The material could be divided into 
two groups. (A) Cases with fixed coupling of 
the ectopic beats in the presence of grossly ir- 
regular ventricular beating. (B) Cases with 
variable coupling of the ectopic beats in the 
presence of otherwise regular ventricular 
beating. Group A forms the basis of this 
report. 

2. In the presence of irregular ventricular 
beating the appearance of ventricular prema- 
ture systoles with fixed coupling, their con- 
tinuation in the form of bigeminy, and the 
termination of the latter, all tend to depend on 
the duration of the cycle of the beat to which 
the ectopic beat is coupled. Lengthening of the 
ventricular cycle favors the appearance of 
ventricular premature systoles. The term “ru'e 
of bigeminy”’ is proposed as a short designation 
of this phenomenon. 

3. An adequate explanation of this ‘rule f 
bigeminy” can be based on the concept of a 
re-entry mechanism. Conversely, the existen: e 
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such a rule lends strong support to the view 
at re-entry is the mechanism responsible 
r premature systoles with fixed coupling in 
eral. 
4. Whenever there is a rapid and irregular 
‘sponse to supraventricular impulses—in 
iricular fibrillation in particular—a beat ter- 
inating a short cycle subsequent to a long 
1e tends to exhibit a bizarre contour and 
RS prolongation, caused by aberrant ven- 
icular conduction. Criteria are presented for 
ie differential diagnosis between such aberrant 
;ipraventricular beats and ectopic beats of 
‘entricular origin. 
5. Cases of intermittent bigeminy of other 
groups listed under (B) will be the subject of a 
subsequent report. 


SUMMARIO E CONCLUSIONES IN INTERLINGUA 


1. Es presentate un analyse de seligite electro- 
cardiogrammas obtenite ab casos de intermit- 
tente bigeminia causate per un formation 
ectopic de impulsos in le ventriculos. Le 
material es classificabile in duo gruppos. Le 
prime gruppo include le casos de fixe accopula- 
mento del pulsos ectopic in le presentia de 
grossier irregularitates del pulsation ventricu- 
lar. Le secunde gruppo consiste de casos de 
variabile accopulamento del pulsos ectopic in le 
presentia de un pulsation ventricular sin altere 
irregularitates. Le prime de iste gruppos es 
tractate in le presente reporto. 

2. In le presentia de irregularitates del pulsa- 
tion ventricular, le apparition del prematur 
systoles ventricular a fixe accopulamento, le 
continuation de iste systoles in le forma de 
b geminia, e le termination del bigeminia, omne 
iste eventos inclina a depender del duration del 
evclo del pulso con que le pulso ectopic es 
a ‘copulate. Le allongamento del cyclo ventricu- 
l:r tende a coincider con le apparition de 
)ematur systoles ventricular. Nos propone le 

rmino “regula del bigeminia” como designa- 

mn abbreviate de iste phenomeno. 

3. Un adequate explication del “regula del 

geminia”’ pote esser basate super un mecha- 

smo de_ re-entrata. Reciprocamente, le 
ecistentia de un tal regula supporta le concep- 


tion que le re-entrata es le mechanismo que es 
responsabile pro prematur systoles con acco- 
pulamento fixe in general. 

4. Quandocunque il ha irregular e rapide 
responsas a impulsos supraventricular—speci- 
almente in fibrillation auricular—un pulso al 
fin de un breve cyclo que seque un longe cyclo 
tende a exhibir un bizarre contorno e un pro- 
longation de QRS in consequentia de un 
aberrante conduction ventricular. Nos presenta 
criterios pro le distinction diagnostic de tal 
aberrante pulsos supraventricular e pulsos 
ectopic de origine ventricular. 

5. Casos de intermittente bigeminia con un 
rhythmo dominante regular e un _ variabile 
accopulamento del pulsos ectopic va_ esser 
tractate in un reporto separate. 
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Mechanisms of Intermittent Ventricular 


Bigeminy 


II. Parasystole, and Parasystole or Re-entry with 
Conduction Disturbance 


By R. LAncenporr, M.D., anp A. Pick, M.D. 


In a previous report dealing with intermittent ventricular bigeminy due to ventricular prema- 
ture systoles with fixed coupling in the presence of a grossly irregular dominant pacemaker, it was 
shown that the appearance and disappearance of the ectopic beats were dependent upon the length 
of the ventricular cycle (“rule of bigeminy”’). In the present report, dealing with ventricular pre- 
mature systoles with varying coupling in the presence of a regular dominant rhythm, the mecha- 
nism of ectopic impulse formation is shown to be either parasystole or re-entry, and the intermit- 
tence of bigeminy is due to simple interference or to a disturbance in conduction of a parasystolic 
or of a re-entrant impulse. Intermittent parasystole is illustrated and presented as a possible 
link between the two fundamental mechanisms of parasystole and re-entry. 


N a preceding report,' a group (A) of 
-ases of intermittent ventricular bigeminy 
was analyzed in which the latter was 
caused by the occurrence of ventricular pre- 
mature systoles with fixed coupling during a 
grossly irregular dominant rhythm. Under 
such circumstances, intermittence and recur- 
rence of bigeminy were shown to depend 
largely on the duration of the ventricular 
eycle. In the course of the study, another 
group (B) of intermittent bigeminy was identi- 
fied in cases with a regular dominant rhythm 
and marked variability of the coupling of the 
ectopic beats. This group, too, was submitted 
to extensive analysis and, as in group A, certain 
conclusions were reached regarding the mech- 
anism involved in the intermittence and re- 
appearance of ventricular premature systoles. 
The results of this study, and their implica- 
tions pertaining to the genesis of ventricular 
pemature systoles, are presented in this 
r-port. 


MATERIAL AND METHODS 


The material comprises 14 records from 12 pa- 
t nts with a regular dominant rhythm and inter- 


From the Cardiovascular Department, Medical 
search Institute, Michael Reese Hospital, Chicago, 


Aided in part by the Michael Reese Research Foun- 
( ition. 


mittent ventricular bigeminy selected on the basis 
of sufficient material for a detailed study. Since in 
all cases the coupling of the ectopic beats varied 
over a wide range, the methods of analysis were 
those applied customarily in the recognition or 
exclusion of a parasystolie mechanism.2 Careful 
measurements were made of the intervals separating 
ectopic beats, or ectopic beats and fusion beats, 
and these were examined as to the presence of a 
least common divisor, or the presence of a structure 
characteristic for a conduction disturbance of the 
Wenckebach type.* Furthermore, the duration of 
the coupling of the first premature systole upon 
resumption of bigeminy, whether fixed or variable, 
was noted; and finally, the cause of intermittence of 
bigeminy was examined, whether attributable to 
physiologic refractoriness of the ventricles subse- 
quent to a preceding response, to a conduction 
disturbance, to intermittence of ectopic (para- 
systolic) impulse formation or a combination of these 
mechanisms: 


RESULTS 


Five representative cases are illustrated in 
figures 1, 2, 3, 4 and 5, and the analysis of the 


* The characteristic arrangement of the irregu- 
larity of rhythm caused by the Wenckebach phenom- 
enon of impaired conduction is as follows’: (1) Groups 
of short cycles are separated by a long cycle. (2) The 
long cycle separating the short cycles measures less 
than double that of any of the short cycles. (3) 
Within the groups of short cycles there is progressive 
shortening of cycle length. (4) The first cycle after the 
intermission (long cycle) is longer than the last 
cycle preceding the intermission. 


Circulation, Volume XI, March, 1955 
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Fic. 1. Intermittent ventricular bigeminy, due to continuous parasystole, showing progressive shorten- 
ing and temporary fixed coupling of the ectopic beats. (Lead II. A continuous long strip obtained on 
another occasion is reproduced in Katz, Electrocardiography'*). The sinus rate is uneven, varying 
between 60 and 71. In the first portion of the strip each sinus beat is sueceeded by a premature ven- 
tricular beat, the coupling of which shortens progressively from 0.92 to 0.52 second. After two suc- 
cessive sinus beats in the middle of the record bigeminy occurs again; here, however, the coupling is 


fixed (0.52 second) and equal to that of the last premature beat of the first group. Another bigeminus, 
with the shortest coupling (0.46 second), is seen at the end of the strip. Thus, while the coupling 
of the premature systole varies within a wide range, the intervals separating them are as follows: 
1.76, 1.70, 3.40, 1.70, 1.70 and 3.38 seconds. This establishes the presence of a continuous ventricular 
parasystolic pacemaker operating at a rate of 34 to 35—a little faster than half the sinus rate. The two 
latent discharges of the parasystolic focus (causing the long interectopic intervals) occur 0.04 and 
0.06 second respectively following completion of the T wave of a sinus beat and thus within the re- 
fractory phase of the ventricles.? Thus, in this instance, intermittent ventricular bigeminy is caused by 
ventricular interference of sinus impulses with those of a ventricular parasystolic focus. 

The sinus arrhythmia and the development of a fixed coupling appear to be interrelated in the 
following way: sinus cycles not including a ventricular beat, or starting at the time of an ectopic dis- 
charge, are longer than those which include a ventricular beat at a normal P-R distance, or one 
paired with an ectopic beat (ventriculophasic sinus arrhythmia'®: 7), Whereas the ectopic rate re- 
mains constant, the sinus rate changes depending on the occurrence of an effective ectopic impulse 
within its cycle. Temporarily the sinus rate becomes exactly twice the rate of the parasystole and 
bigeminy with fixed coupling ensues. 


Fic. 2. Intermittent ventricular bigeminy due to intermittent parasystole, with progressive shorten- 
ing of the coupling of the ectopic beats (in a case with healing posterior wall infarction). The regular 
succession of sinus beats (rate 71) is periodically disturbed by ventricular premature beats. They are 
similar in contour, but some alterations in the contour of QRS and/or T can be noted in the first pre- 
mature beat of a series. The coupling varies considerably. There is progressive shortening from the 
first premature beat (0.56 to 0.54 second) to the last (0.44 second) of a sequence. The intervals separat- 
ing the premature beats are fairly regular, corresponding to a rate of 36 to 37. This suggests the 
presence of a parasystolic ventricular focus with a rate a little faster than half the sinus rate. On this 
assumption, an ectopic beat would fail to occur after a series of four as a result of the progressive 
shortening of the coupling, causing a fifth ectopic discharge to coincide with the absolute refractory 
period following a sinus beat. However, this is not true for the calculated ectopic discharge preceding 
a series. Note that the first coupling of each series of ectopic beats remains the same. 

The factors which determine this unusual appearance of parasystolic rhythm in the form of in- 
termittent ventricular bigeminy are: (a) the rate of the ectopic discharge, which is a little faster 
than half the sinus rate, (b) the normal refractory period of the ventricle, (c) a temporary break- 
through of a sinus impulse past the barrier of protection of the ectopic focus, or a spontaneous inter- 
mittence of the parasystolic activity of this focus. The possibility of temporary exit block of a con- 
tinuously acting parasystolic focus appeared to be unlikely in view of the fixed coupling of the first 
ectopic beat of each run of bigeminy and could, in this instance, definitely be ruled out after studying 
the entire material. 
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Fic. 3. Intermittent ventricular bigeminy due to intermittent parasystole showing (a) progressive 
shortening of the coupling of the ectopic beats and (b) a conduction disturbance of the parasystolic 
impulses. The two lower strips are consecutive (but not continuous) portions of a long strip of lead 
III obtained several hours after the upper tracing (lead II). The sinus rate is 94 in lead II and 107 
in lead III. There is an intermittent ventricular bigeminy, in that after one undisturbed sinus cycle two 
or three sinus beats are paired with ventricular premature systoles. The latter vary in coupling and 
contour. The coupling of a first of a series is fixed in each lead (0.56 second in II and 0.54 second in 
III) and shortens progressively to 0.38 and 0.44 second respectively. Because in lead III the duration 
of the first coupling approaches the cycle length of the sinus (0.56 second), the sinus and ectopic im- 
pulses occasionally come into competition for ventricular activation with a ventricular fusion beat 
(Vr) resulting. During bigeminy the intervals between the ectopic beats shorten progressively. 

The repetitive occurrence of the premature systoles, their constant coupling, and the occurrence 
of ventricular fusion beats suggest a parasystolic mechanism. A simple parasystole cannot be present 
since the short intervals are of varying duration and the long intervals are not simple multiples of 
any short one; nevertheless, the spacing of the ectopic and fusion beats show an arrangement sug- 
gestive of a Wenckebach type of block affecting the impulses of a continuous parasystolic pacemaker; 
however, the fact that the coupling of the ectopic beats initiating each run of bigeminy is fixed, re- 
gardless of whether the run of bigeminy consists of two or three couples, rules out a continuous para- 
systole with conduction disturbance (Wenckebach phenomenon) and suggests an intermittent para- 
systole with conduction disturbance. 

On this assumption the intermittence of the resulting bigeminy can be explained in this case in a 
two-fold way: (a) by temporary intermittence of the parasystolic impulse formation, similar to that 
seen in figure 2 or (b) by an intermittent ‘‘exit block’? of the parasystolic impulse. The latter may 
result from coincidence of the ectopic impulse with normal ventricular refractoriness or may be the 
result of an abnormal progressive delay of its propagation. This interpretation is supported by the 
constant coupling of the first of a series of premature systoles, a finding characteristic for intermittent 
parasystole. 


} 


cases is given in the respective legends. The form of a progressive shortening (figs. 1 to 3) 
characteristic findings of the spacing of the or progressive prolongation (figs. 4 and 5) 
ec‘opic beats, the interpretation as to the before intermittence of bigeminy took place. 
uiderlying mechanism, and the cause of in- Only in one ease (fig. 1) was the coupling of 
te mittence of the ventricular bigeminy are the ectopic beats temporarily fixed. 
st nmarized in the accompanying table. Evidently, if progressive shortening of the 
coupling is found during ventricular bigeminy, 
a re-entry mechanism can be excluded and 
\ll cases included in this group, in contrast parasystole has to be suspected. Measuring 
ti group A,! showed marked variations in the of the interectopic intervals then permits 
c upling of the ectopic beats. Since the cycle differentiation between two mechanisms. (1) 
lc igth of the dominant pacemaker was con- The long interectopic intervals may be simple 
s int, it could play no role in the initiation multiples of the short ones; this can be con- 
© intermittence of the bigeminy as was the sidered to indicate continuous parasystole 
¢ se in group A. The alteration in coupling of with a rate a little faster than half the rate of 
t:e premature systoles occurred either in the the dominant pacemaker. Under such cir- 


DISCUSSION 
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Fic. 4. Intermittent ventricular bigeminy probably due to intermittent parasystole, with progressive 
prolongation of the coupling of the ectopic beats. A regular sinus rhythm (rate 88) is disturbed on three 
occasions (in the middle of the strip) by premature auricular impulses, the transmission of which to 
the ventricles is interfered with by the occurrence, just after the premature auricular discharge, of 
ventricular premature systoles. The ventricular premature beats are part of a sequence of four which 
starts after the second sinus beat, is interrupted after the sixth sinus beat, and resumed after the 
seventh. The coupling of the ectopic beats shows progressive prolongation (0.40 to 0.56 second) ; 
however, the first coupling of the two runs of bigeminy is fixed. While the short interectopic interval 
preceding, and that following, the intermittence of bigeminy are almost identical (the difference 
being 0.04 second), the long interectopic interval that bridges the intermittence is considerably shorter 
than two short interectopic intervals. This rules against a continuous parasystole with or without con- 
duction disturbance and suggests an intermittenl type of parasystole with a rate (42) less than half of 
the sinus node. A re-entry mechanism with progressive delay in the re-entry path (see fig. 5) cannot 
be ruled out entirely, but the even spacing of the ectopic beats during bigeminy is definitely in favor 


of a parasystolic mechanism. 


cumstances interruption of bigeminy will take 
place when parasystolic impulses occurring 
progressively earlier in the wake of a dominant 
impulse eventually coincide with the normal 
refractory phase of the ventricle (fig. 1). 
When the dominant sinus rhythm is uneven, 
its rate may temporarily become exactly half 
the parasystolic rate. As a consequence, the 
coupling of the ectopic beats may become 
transiently fixed within the cycle of the sinus 


beats, an unusual feature in parasystole. In a 


case like this the diagnosis of parasystole and 
the exclusion of a re-entry mechanism can 
be made only if long records are available, 
as was the case in figure 1. (2) The spacing of 
the ectopic beats may appear to be quite ir- 
regular; however, close examination of the 
arrangement of the ectopic beats may reveal 
the characteristic structure of Wenckebach 
periods. On this basis, too, operation of a 
regular parasystolic pacemaker can be implied 
with progressive impairment of the spread of 
successive parasystolic impulses. Here the 
intermittence of bigeminy can be ascribed to 
interference or to “dropped beats,’’ and condi- 
tions then become comparable to the familiar 
mechanisms operating in second degree A-V 
(and S-A) block. If, at the same time, the 
coupling of the first ectopic beat of each run 
of bigeminy is fixed, an intermittent parasystole! 


with conduction disturbance can be diagnosed 
(fig. 3). 

If progressive lengthening of coupling is found, 
there are several possibilities to be considered. 
The spacing of the interectopic intervals may 
clearly indicate simple parasystole, but this 
time at a discharge rate just a little slower 
than half the rate of the dominant pacemaker. 
Unless the activity of the parasystolic pace- 
maker itself shows intermittence (as in fig. 4), 
the bigeminy would be expected to continue 
for some time, depending on the spacing of 
the primary pacemaker, before intermittence 
of bigeminy would be caused by interference of 
the two competing impulses. If, on the other 
hand, progressive lengthening of the coupling 
is associated with a Wenckebach structure of 
the interectopic intervals, parasystole or re- 
entry may be operating. Under either circum- 
stance a progressive conduction delay is con- 
ceivable in parasystole involving pathways 
from the ectopic pacemaker to the rest of 
the myocardium, in re-entry affecting tie 
re-entry path itself or pathways leading « 
the area of the sweep.® In both cases, droppi: g 
out of an ectopic impulse causes intermitten 
of bigeminy. In the case of re-entry the int«* 
mittence is expected to follow the longe ; 
coupling, and in each run of bigeminy t 
first ectopic beat would tend to have a coupli 
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Fia. 5. Intermittent ventricular bigeminy due toa re-entry mechanism, with progressive prolongation 
of the coupling of the ectopic beats indicating a conduction disturbance in the re-entry path. The bottom 
strip and the upper three strips were obtained on different days. Other tracings of this patient were 
used in a previous communication.® Sinus rhythm is present in all strips, with a rate of 83 in the upper 
strips and 96 in the lower strip. The sequence of sinus beats revealing the contour of left bundle 
branch system block is periodically disturbed by premature ventricular systoles of a different bizarre 
contour giving rise to intermittent ventricular bigeminy. Where premature beats occur in a series of 
two or three, there is progressive prolongation of their coupling from 0.40 to 0.50 and 0.52 second in 
the upper strips, and from 0.36 to 0.42 second in the bottom strip. One isolated premature beat toward 
the end of the uppermost strip has the longer coupling. Note retrograde conduction of those ectopic 
beats whose short coupling permits the retrograde impulse to reach the atria prematurely, ahead of 
the sinus impulse. 

Intermittent appearance of ventricular ectopic premature beats with variable coupling could 
suggest a parasystolic mechanism. However, all possible varieties of parasystole can be ruled out in 
this case. A continuous type is excluded because the spacing of the interectopic intervals has no 
least common denominator, nor does it show an arrangement consistent with a conduction disturb- 
ance of the Wenckebach type. An intermittent type of parasystole is unlikely because the interectopic 
spacing clearly varies with the sinus rate (compare lowest strip with the others), suggesting a de- 
pendence of the ectopic beats upon the sinus impulses. A re-entry mechanism, therefore, appears to be 
the most reasonable explanation. On this basis the progressive prolongation of the couplings pre- 
ceding the intermittence of bigeminy can be accounted for by a progressive delay of the re-entrant 
impulse in its pathway, until it fails to complete its sweep. This in turn permits recovery of the re- 
entry path with repetition of the phenomenon. The unexpected long coupling of the isolated pre- 
mature systole in lead I does not rule against this interpretation. It may be assumed that, on occasion, 
an impulse penetrates into the re-entry path without leaving it. Such ‘‘concealed re-rentry”’ will 
lead to prolongation of the re-entry time of a subsequent impulse and will be reflected in a prolonga- 
tion of the coupling of a following ventricular premature systole. 


oi equal length and shortest duration; the 
ss ne would be true for an intermittent para- 
s' stole (see below) but would not apply to a 
c itinuous parasystole. 

\n instance illustrating a re-entry mech- 
a ism associated with progressive lengthening 
© the coupling is illustrated in figure 5. In 
tls case re-entry was implied because no 


consistency in the interectopic spacing was 
found in the presence of progressive lengthen- 
ing of the coupling of the premature systoles. 
Throughout the record, with one exception, 
the shortest coupling occurs after the inter- 
mittence of bigeminy, and the longest just 
preceding it. The exception is the last pre- 
mature systole in lead I which has a coupling 
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TABLE 1.—Summary of the Analysis and Interpretation of Cases 1 to 6 


Coupling 


Interectopic intervals 


First after 


i csacuatetciaies Mode of alteration 


Case 1 | variable Progressive Short: regular 
shortening 
(temporarily 
fixedt) 

2 | fixed 


Progressive Short: regular 


shortening 


fixed Progressive Irregular with 
Wenckebach 


structure 


shortening 


fixed Progressive Short: regular 


prolongation 


Case fixed Progressive Irregular. No 
prolongation Wenckebach 


one)t . structure 


(except 


*R-R = Parasystolic interval 
P-P = Sinus interval 


longer than anticipated, and corresponding to 
the second coupling of the other groups. This 
apparent inconsistency can be explained by 
the assumption that the sinus beat ahead of 
this bigeminus initiated a re-entry which was 
not completed because the impulse penetrated 
only partially into the re-entry path. This 
would represent an unusual variant of ‘‘con- 
cealed conduction,” occurring in a re-entry 
path and manifested by its effect on the dura- 
tion of the subsequent re-entry sweep (cou- 
pling), analogous to a phenomenon ordinarily 
encountered in pathways of A-V conduction.® 
A similar mechanism was proposed by Schott,’ 
affecting the conduction of parasystolic im- 
pulses. 

The duration of the coupling of the first 
premature beat initiating a run of bigeminy 
was fixed in four of the five illustrated cases. 
Only in one case (fig. 1) was there a variation 
exceeding 0.08 second. This and the type of 
the interectopic spacing left no doubt as to 
the operation of a continuous parasystole in 
that instance. Ordinarily, fixed coupling of 


Long: multiples 


Long: not multiples 


Long: not multiples 


7 discussed in text 


Mechanism 


| Cause of intermittence of bigem ay 


| Continuous Para- Interference 


| 
| systole 


(R-R) < 2(P-P)* 


Intermittent Para- | (a) Interference and 
systole Intermittence of 
|.(R-R) < 2(P-P) | activity 
| | 
Intermittent Para- 
systole 


(R-R) < 2(P-P) 


| Intermittence of activ t 
| or interference, or e:i 
block due to conduct 

disturbance 


Intermittent Para- | Intermittence of activ 
systole 


(R-R) > 2(P-P) 


| Re-entry with con- | 


Block in re-entry pa 
duction disturb- 
ance 


premature systoles is considered to indicate 
dependence of the ectopic beat upon the beat 
to which it is coupled, and a re-entry mech- 
anism can be assumed to be present. However, 
a repetitive occurrence of a constant coupling 
is also seen in intermittent parasystole,*> a 
condition in which the regular activity of the 
ectopic focus is periodically disturbed, either 
by transient disappearance of its “protection,” 
or by spontaneous intermittence of the para- 
systolic impulse formation. Such fixed coupling 
is, of course, limited to the first of a sequence 
of parasystolic beats. Simple cases of inter- 
mittent parasystole causing intermittent  bi- 
geminy are illustrated in figures 2 and }; 
here, the interectopic intervals within the 
runs of bigeminy are constant. In figure 2, on 
the other hand, the arrangement of the ecto] 

beats would indicate intermittent parasyst« 

with conduction disturbance of the Wenck 

bach type. It would appear that the sar 

mechanism which is responsible for sporac 

or repetitive appearance of isolated prematu ° 
systoles, may, on occasion, initiate continuo is 
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topic impulse formation. A series of such 

topic beats, when rapid, constitutes a 
) roxysmal tachycardia, when occurring at a 

ww rate, parasystole of an _ intermittent 

pe. Thus, intermittent parasystole may 
» present a link between the two fundamental 
echanisms of re-entry and parasystole. 

The recognition of an intermittent type of 

irasystole introduces another factor which 

ay be responsible for intermittence of bi- 

miny, in addition to physiologic ventricular 
jiterference and conduction disturbance of 

ie parasystolic impulses. In fact, in the 

ise of figure 3, it cannot be decided which of 

ese three mechanisms causes the intermit- 
tence of bigeminy. Moreover, as pointed out 
before, when the rate of the parasystolic pace- 
maker is slower than half the rate of the 
dominant rhythm, so that there is progressive 
lengthening of the coupling of successive 
ectopic beats, it may become very difficult or 
impossible to determine whether a conduction 
disturbance involves an intermittent para- 
systole or a re-entry mechanism (fig. 4). The 
distinction can be made when a Wenckebach 
structure of the interectopic intervals is as- 
sociated with progressive shortening of the 
coupling, since this obviously cannot occur 
with re-entry (fig. 3). 

No case was encountered in our material in 
which intermittent bigeminy was caused by a 
continuous parasystole with regular spacing at 
a rate approaching half the sinus rate, and in 
which intermittence could not be attributed to 
the normal refractory state of the ventricles. 
‘ich cases are on record (see below), and an 
“oxit block”? without the Wenckebach phe- 
nomenon has to be postulated to account 
for the intermittence. 

A number of cases can be found in the 
i erature complying with the classification of 

‘rasystolic bigeminy outlined above. Ven- 

cular bigeminy due to continuous parasystole 
1 id intermittence of the bigeminy as a result 

the normal refractory period (with pro- 
essive shortening of the coupling of the 
’ topic beats) is seen in a case of Faltitschek 

id Scherf,®: «> and (with progressive 

igthening of the coupling) in two cases of 
‘herf and Schott,!% figs- 102 and 103 9 ease of 


Vedoya,!!: fi#-® and a case of Gentile.!?: fis: } 
Intermittent bigeminy due to continuous 
ventricular parasystole with exit block (with 
progressive lengthening of the coupling) can 
be recognized in a case of Scherf and Schott,!": 
fig. 1099 and with both progressive lengthening 
and progressive shortening in the same record 
as a result of marked sinus arrhythmia, in a 
case of Goldenberg and Scherf.!*: figs. 1 and 2 
Unusual instances of intermittent parasystole 
(without conduction disturbance of the ectopic 
impulse during the runs of bigeminy) were 
reported by Scherf and Boyd.’ Their case 2 
shows progressive shortening of the coupling, 
case 3 progressive lengthening in a case of a 
parasystolic pacemaker almost identical in 
rate with that of the sinus node, and bigeminy 
due to interpolation of the ectopic beats. 
The difficulty in distinguishing between 
bigeminy due to intermittent parasystole and 
re-entry with progressive conduction delay 
in the re-entry path is well illustrated by the 
cases of Zander and Scherf and Schott.!: 
fig. 130 

A review of the entire material, both of the 
first part of our study! and of the present 
report, permits the following regrouping and 
classification of intermittent ventricular bigeminy 
due to ventricular premature systoles, based on 
the two mechanisms of ectopic impulse forma- 
tion. 

A. Bigeminy due to re-entry (1) With fixed 
coupling and intermittence of bigeminy due to 
critical shortening of the ventricular cycle of 
the dominant rhythm,! (2) With varying 
coupling and intermittence of bigeminy due 
to a conduction disturbance in the re-entry 
path. 

B. Bigeminy due to parasystole with varying 
coupling and intermittence due to (1) The 
refractory phase of the ventricles following a 
response to the dominant pacemaker (inter- 
ference), (2) Exit block of the parasystolic 
impulse with or without the Wenckebach 
phenomenon, (3) Jntermittence of ectopic im- 
pulse formation, spontaneous, or due to tem- 
porary disappearance of protection (intermit- 
tent parasystole). 

Our study and classification do not include 
cases in which intermittent bigeminy with 
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fixed coupling of the premature systoles oc- 
curred in the presence of a regular dominant 
rhythm. Although such cases are numerous 
and actually represent the most common 
variety of intermittent ventricular bigeminy 
in clinical electrocardiography, their study 
seemed redundant, since no insight can be 
gained into the mechanism of ectopic impulse 
formation in the face of constant spacing of 
both the dominant and ectopic beats. For 
that reason their inclusion in the above genetic 
classification did not appear warranted. Their 
mode of initiation and termination of bigeminy 
remains undetermined. Either mechanism, 
re-entry or intermittent parasystole with a 
rate of the parasystolic pacemaker half that of 
the dominant rhythm, could account for such 
ectopic beats. 


SUMMARY AND CONCLUSIONS 


1. As a continuation of a preceding report 
on the mechanisms of intermittent bigeminy 
caused by ventricular premature systoles, an 
analysis is presented of five selected cases 
exemplifying a group characterized by a regular 
dominant rhythm and variable coupling of 
the ectopic beats. 

2. Under such circumstances, ventricular 
bigeminy may be due either to re-entry or 
parasystole. Criteria for the differentiation 
between the two mechanisms are based upon 
(a) the presence or absence of fixed coupling 
and (b) the numerical relationship of the 
interectopic intervals which may point to the 
presence of a simple parasystole or one com- 
plicated by a conduction disturbance of the 
Wenckebach type. 

3. When spacing of the ectopic beats charac- 
teristic of a parasystole was found only in the 
individual runs of bigeminy, but not through- 
out the record, an intermittent form of para- 
systole was diagnosed. Under such circum- 
stances the coupling of the first premature 
beats after the intermittences of bigeminy 
was fixed. The latter phenomenon supported 
the diagnosis of intermittent parasystole. 

4. Intermittent parasystole appears to repre- 
sent a link between the two fundamental 
mechanisms of re-entry and parasystole. 

5. Intermittent bigeminy in _ parasystole 


occurs when the rate of the parasystolic pace 
maker approaches half the rate of the dominan 
pacemaker. If it is slightly faster the couplin; 
of successive ectopic beats exhibits progres 
sive shortening; if it is slightly slower, th 
coupling shows progressive lengthening. In 
termittence of bigeminy occurs as a result « 
(a) the normal ventricular refractory perio 
(b) a conduction disturbance of the parasystoli 
impulses, (c) intermittence of ectopic impuls 
formation, and (d) a combination of thes 
mechanisms. 

6. Differentiation between a re-entry mech 
anism and intermittent parasystole is no 
always possible. This is true for both shor 
runs of bigeminy with fixed coupling an 
certain cases with progressive lengthening o 
the coupling. 

7. The literature is reviewed for cases wit! 
intermittent ventricular bigeminy, and some 
unusual instances are pointed out, revealing 
mechanisms similar to those presented above. 

8. A classification is proposed of intermittent 
bigeminy due to ventricular premature systoles 
based on genetic principles. 


SUMMARIO E CONCLUSIONES IN INTERLINGUA 


1. In continuation de un previe reporto super 
le mechanismos de bigeminia intermittente 
causate per prematur systoles ventricular, nos 
presenta un analyse de cinque seligite casos que 
exemplifica un typo characterisate per un 
rhythmo dominante regular e un variabile acco- 
pulamento del pulsos ectopic. 

2. Sub tal conditiones, bigeminia ventricular 
pote esser causate per re-entrata 0 per para- 
systole. Criterios pro differentiar le duo possi- 
bile mechanismos es basate (a) super le pre- 
sentia 0 absentia de un accopulamento fixe e¢ 
(b) super le relation numeric del intervallos 
interectopic que indica le presentia de o un 
simple parasystole o un parasystole complicate 
per un disturbation del conduction del typo 
Wenckebach. 

3. Quando le spatiamento del pulsos ectop:* 
esseva del typo characteristic de parasysto 
sed occurreva solo in le cursos individual « 
bigeminia e non in le integre registratio 
nostre diagnose esseva “un forma intermitten 
de parasystole.’”’ Sub iste conditiones le accop 
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vento del prime pulsos prematur post le 

ermittentias del bigeminia esseva fixe. Iste 

ime phenomeno supportava le diagnose de 
ermittente parasystole. 

|. Intermittente parasystole pare repre- 

itar un nexo inter le duo mechanismos 

idamental de re-entrata e parasystole. 

>. Bigeminia intermittente in parasystole 

‘urre quando le tempo del pacemaker para- 
s\ stolic approcha medie le tempo del pacemaker 

minante. Quando le tempo del pacemaker 

rasystolie excede illo del pacemaker domi- 

-nte levemente, le accopulamento de succes- 
ive pulsos ectopic exhibi un accurtamento 
progressive; in le caso contrari, le accopula- 
mento exhibi un allongamento progressive. 
Intermittentia de bigeminia occurre in conse- 
quentia (a) del normal periodo refractori 
ventricular, (b) de un disturbation conductional 
del impulsos parasystolic, (c) de intermittentia 
del formation de impulsos ectopic, e (d) de un 
combination de iste mechanismos. 

6. Le differentiation inter un mechanismo de 
re-entrata e intermittente parasystole non es 
semper possibile. Isto es ver tanto pro breve 
cursos de bigeminia con accopulamento fixe 


como etiam pro certe casos con allongation 


progressive del accopulamento. 

7. Es presentate un revista del litteratura in 
re casos de intermittente bigeminia ventricular. 
In isto nos presta attention specialmente a 
alicun casos inusual que exhibi mechanismos 
simile a illos reportate in le presente studio. 

8. Super le base de principios genetic nos 
propone un classification del casos de inter- 
miitente bigeminia 
sy-toles ventricular. 


‘ausate per prematur 
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The Effect of Intravenous Protoveratrine 
on Digital Pulse Volume and Digital Skin 


Temperature in Hypertensive Patients 


By J. H. Currens, M.D., J. F. McGinty, M.D., R. B. Kuampatra, M.R.C.P. anp 
Ipa Gorpon, B.A. 


The change in digital pulse volume and skin temperature was observed after intravenous proto- 
veratrine in 25 studies. A significant increase in the average pulse volume of the finger was noted 
but the range of change was large. The average change of pulse volume in the toe was not significant. 
A slight increase in the finger skin temperature was noted. ‘‘Vasodilatation” of the hand and feet 
was not the only factor resulting in a fall in blood pressure since it did not occur in all patients. 


ROTOVERATRINE, a purified alka- 

loid from veratrum album, has_ been 

known since 1890' and has been found 
to lower the blood pressure in patients with 
arterial hypertension. As part of a general 
study of protoveratrine, it seemed important 
to determine the change, if any, in the pe- 
ripheral circulation in hypertensive patients 
during the effect of this drug. The purpose of 
this study, therefore, is to present data relevant 
to the peripheral circulation following the 
intravenous injection of protoveratrine. 

A fall in systemic blood pressure could 
logically result from dilatation of the peripheral 
arterioles, a decrease in cardiac output, or a 
combination of the two. It is not clear from 
the reports in the literature how veratrum or 
protoveratrine lowers the blood pressure in 
man. Investigators have used different prepara- 
tions of veratrum, both crude and purified, and 
different methods of administration which 
make comparison difficult. Hewlett? concluded 
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in an early study of eight cases that fall in blocd 
pressure produced by adequate doses of a 
tincture of veratrum viride by mouth was not 
accompanied by a change in the pulse form or 
pulse volume of the extremity. Wilson and 
Smith*® described an increase in size of the 
retinal arterioles after the intramuscular in- 
jection of an extract from veratrum viride in a 
patient with toxemia of pregnancy. Freis and 
his coworkers,’ using intramuscular veratrum 
viride extract, found in a study of six cases, a 
variable change in blood flow to the forearm or 
in the lower leg. Using the same drug, seven 
patients were studied and the cardiac output 
was found to remain the same in patients with- 
out congestive heart failure, but increased in 
two patients after veratrum viride in whom 
congestive heart failure was present. Myers and 
associates® noted an average fall of 27 per cent 
in the cardiac output in 18 patients 15 minutes 
after intravenous protoveratrine, at the time of 
maximal blood pressure fall. 

Evidence has been presented to indicate that 
renal clearance of para-aminohippurate in- 
creases in some patients after protoveratrine 
at a time when a moderate decrease of blood 
pressure occurs. Increased renal blood flow 
from arteriolar dilatation in the kidneys hes 
been postulated to explain this change.* 7 

Direct observation of arteriole size is di 
ficult in man so that it is usually necessary 
resort to measurements which are indirect 
estimating ‘‘vasodilatation.” Digital pul: 
volume has been demonstrated to correla 
closely with the calculated digital blood flow 
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t esame individual*: * Digital skin temperature 
h is been observed to change in the same direc- 
t on as digital blood flow.’-” This study was 
p anned to determine simultaneously: (1) The 
p use volume in the finger and toe (2) The skin 
t mperature of the finger and toe, in order to 
j dge whether arteriole dilatation occurs in 
tie extremities at the time of the reduced 
b ood pressure induced by protoveratrine. 


METHOD 


Twenty-five separate studies have been made on 
2? hospitalized patients with hypertension. These 
studies were made with the subject recumbent in a 
constant temperature room and the extremities 
exposed one hour at 68 to 70 F before the test was 
done. The heart rate was determined by counting 
the radial pulse for 15 seconds. The systolic and 
diastolic blood pressure were determined by the 
usual auscultatory method, using the method as sug- 
gested by the American Heart Association.” After 
control observations a dose of protoveratrine was 
given, which had been found previously to result in 
a decrease of blood pressure to normal or to a figure 
near normal in that individual. The dosage ranged 
from 0.12 to 0.23 mg. The dosage of protoveratrine 
and the change in blood pressure were similar to the 
dose used and the change observed at the time of 
cardiae catheterization, performed on a different 
day when the hemodynamic effect of protoveratrine 
was determined. Observations were made at the end 
of the control period and at 5, 10, 20 and 30 minutes 
after the injection of the drug. In order to determine 
the effect of maximal response, heat was then ap- 
plied to the body to induce reflex “vasodilatation” 
of the extremities in 17 patients. This was accom- 
plished by means of an electric blanket over the 
body (12 patients) or the arm was immersed in warm 
water to the elbow (5 patients) for 30 to 90 minutes 
aid the observations were repeated. The effect of 
heating the body without having given protovera- 
ti ne first was not determined in these subjects. 

The age range of the patients was from 21 to 62 
y ars, 12 were women and 10, men. In 19 patients 
t! e initial study was made during the first hospitali- 
z: tion and the patient had received oral protovera- 
t: ne for less than seven days. Three patients under- 
\ nt a second study 6 to 12 months following the 
i ‘tial study during which time the patient had been 
n untained on protoveratrine. One of the patients 
} .d a sympathectomy four years before the obser- 
\V tions were made. 

The digital plethysmographs were recorded from 
t e second toe and the fifth finger by means of the 
1 ethod previously described. Metal cups 4.5 cm. 
i length with a volume of 18 ml. were applied over 
te fifth finger and the second toe and sealing was 
a’‘complished by the use of a caulking compound. 
‘hese cups were connected with the transducer by 


TABLE 1.—Degree and Direction of Change of the 
Blood Pressure, Pulse Rate, Digital Pulse Volume and 
Digital Skin Temperature, also Standard Deviation of 


the Difference, Standard Error of the Difference and 
the t Value 


Direction 
of Change 


viation of | 
Difference 


Error of 
Difference 


Standard De-| 
Standard 


Systolic 
blood pres- | 
sure 
Control 216 | 
5min. {178 | 
10 min. (150 | 
20 min. (146 
30 min. (160 
Diastolic 
blood pres- 
sure 
Control 
5 min. 
10 min. 
20 min. 
30 min. 
Pulse rate 
Control 
5 min. 
10 min. 
20 min. 
30 min. 
Digital 
pulse vol- 
ume left 
5th finger 
Control 
5 min. 9} +83.9 
10 min. -8 | +68.6 
20 min. +71.2 | 
30 min. +72.3 | 
Digital 
pulse vol- 
ume right 
2nd toe 
Control 
5 min. r +37.3 | 
10 min. | 1. +35.6 | 
20 min. -6| +32.2 
30 min. % +40.7 
Finger skin 
temp. de- 
grees F 
above nor- 
mal control 
Control 
5 min. 
10 min. 
20 min. 
30 min. 
Toe — skin 
temp. de- 
grees F 
above nor- 
mal con- 
trol 
Control 4.9 
5min. | 4.9] 0.0| 0.0] 4.7 | 0.9 | 0.0 17 
10 min. 4.9} 0.0 | 0.0] 4.7 | 0.9 | 0.0 8 | 16 
20 min. 4.6} —0.3 —i11 @ 1.0 0.4 | 1 11 
3 1 


30 min. | 5.0) +0.1 | +2.2 | | 0.6 0.2 11 


*t—statistical significance. Started values are statistically sig- 
nificant at the 0.05 level. 
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means of thick rubber tubing. The pulse excursions 
were determined by measuring three to ten pulsa- 
tions on the record within a period of one minute 
before or after the designated times of observation. 
This was necessary because of fairly frequent arti- 


240 


BODY HEAT 
APPLIED 


oem =" 
HEART RATE 


PROTOVERATRINE 


— 


CONTROL O 5 10 20 30 90 
MINUTES AFTER INJECTION 


Fic. 1. The average change of the blood pressure 
and heart rate, 25 observations in 22 patients after 
intravenous protoveratrine. This was followed by the 
application of body heat in an effort to produce 


reflex ‘“‘vasodilatation.”’ 
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IN HYPERTENSIVE PATIENTS 


facts from the plethysmograph. The skin temper: - 
ture recordings were done by an automatic recordi: 
potentiometer (Brown Instruments—Minneapol s 
Honeywell Regulator Co.). The skin temperatu 
was recorded from the palmar surface of the thun ! 
and the plantar surface of the great toe and t 
difference between these and the room temperatu 
was noted. 


RESULTS 

The average change in blood pressure, hea 
rate, digital pulse volume and digital sk 
temperature after intravenous injection 
protoveratrine is summarized in table 1 ai 
illustrated in figures 1, 2, 3, 4 and 5. Both tl 
systolic and diastolic blood pressure valu 
were lowest 10 to 20 minutes after the intr: 
venous injection of protoveratrine and wei: 
30 to 32 per cent less than the control value :. 
The change in the digital pulse volume of tl. 
finger was about four times as great as that in 
the toe and the change was maximal in the 
finger, five minutes after the drug, at which 
time the pulse volume had increased 84 per 
cent. It was still 72 per cent above the control 


BODY HEAT 
APPLIED 


| 


20 30 


MINUTES AFTER INJECTION 


Fig. 2. The digital plethysmograph from a representative patient before and after intravenous 
protoveratrine. Body heat was then applied to induce reflex ‘‘vasodilatation.”’ 
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BODY HEAT 
APPLIED 


FINGER 


20 
MINUTES AFTER INJECTION 


Fic. 3. Average change of the digital pulse volume, 
©) observations in 22 patients after the intravenous 
jajection of protoveratrine as compared with the 

mtrol value. Body heat was then applied to induce 


‘ore “vasodilatation.” | 


10 BODY HEAT / 
APPLIED 


| 


DEGREES 
F 
ABOVE 
CONTROL 


VALUE 


MINUTES AFTER INJECTION 

Fic. 4. Average change in the finger and toe 
skin temperature in 25 observations in 22 patients 
after application of body heat followed intravenous 
protoveratrine. 


value at the end of 30 minutes. The increase in 
pulsation in the toe was small and was similar 
throughout the four periods. The increase in 
skin temperature was more apparent in the 
finger than in the toe and was a gradual rise 
of 0.7 to 2.7 F. The change in the skin temper- 
eture of the toe was not significant. 
The change in systolic and diastolic blood 
} ressure and the heart rate were highly sig- 
: ificant as evidenced by the ¢ values (table 1). 
' he inerease in the digital pulse volume of the 
nger was also significant at the level of 0.05. 
he calculation of the ¢ value of the digital 
ulse volume in the toe was not significant at 
ie 0.05 level although the fact that the 
hanges at 5, 10, 20 and 30 minutes were all 
1 the upward direction would suggest that 
his change was probably significant. The same 
s true of the change in finger skin temperature 


PULSE PRESSURE 


+ 


PROTOVERATRINE 


t 


FINGER PULSE VOLUME 


Be 


*Mqeeceoe Oreese20 


oe ee ee ee 
CONTROL Oo 5 10 20 30 
TIME IN MINUTES 


Fig. 5. Change of pulse pressure and finger pulse 
volume before and after the intravenous injection of 
protoveratrine. This represents average change of 
25 observations on 22 patients. It is noteworthy that 
the finger pulse volume increases while the pulse 
pressure decreases. 


TABLE 2.—Change from Control Values at 20 Minutes 


Con-| Mean | % | SD- | SE. 
trol | Diff. | Diff. | pig pig. 


Systolic 216 —70.6 | —32.6 | 41.0 | 7.9 
b.p. 

Diastolic 134 —43 —32.1 | 24. 4.9 
b.p. 

Pulse 8 

Digital 2. 
pulse vol. 
in It. 5th 
finger 

Digital 
pulse vol. 
in rt. 2nd 
toe 

Finger skin 
temp. 

Toe _ skin 
temp. 





but the change in the toe skin temperature was 
insignificant. The change at the time of max- 
imal effect of protoveratrine is summarized in 
table 2 which gives the change from the control 
values at 20 minutes. Correlation of the change 





+44 INTRAVENOUS PROTOVERATRINE 


TaBLE 3.—Correlation of Change Between Blood 
Pressure and the Digital Pulse Volume also Digital 
Skin Temperature Presented 5, 10, 20 and 30 Minutes 
Following Intravenous Protoveratrine. Finger and 
Toe Temp. = °F. above Room Temperature 


5 Min. 10 Min. 20 Min. 30 Min. 


C* | Dt Noti C | D/|No/C|D(N > | D INo 

Correlation 
of change 

with sys- 

tolic 
B.P. 

Digital 
pulse vol- 
ume in 
(left 5th 
Finger 

with di- 

astolic 

B.P. 

with sys- 

tolic B.P. 
Digital 
pulse vol- 
ume in toe 
(right 
2nd. 

with dias- 

tolic B.P. 

with sys- 

tolic B.P. 
Finger skin 
temp. 
diastolic 
B.P. 

with sys- 18 

tolic B.P 
Toe skin 
temp 

with dias-, 18 

tolic B.P. 


*C or concord indicates both change in the same direction. 

+ D or discord indicates both change in the opposite direction. 
t No—No change indicated one or both values remain the same. 
§ A box to illustrate the changes noted in diastolic blood pressure 
and digital pulse volume at 10 minutes. 


Digital - 
Pulse 0 
Volume oa 17 


Diastolic B.P. 


of blood pressure with digital pulse volume and 
digital skin temperature was calculated and 
found not to be significant in any of the com- 
binations recorded in table 3 at 20 minutes. In 
contrast the calculations for the correlation co- 
efficient of the change between systolic and 
diastolic blood pressure were found to be sig- 
nificant at 20 and 30 minutes. 


IN HYPERTENSIVE PATIENTS 


DiscussIoN 


The above observations support the conce} | 
that ‘vasodilatation’ as measured by digit | 
pulse volume and digital skin temperatu 
does occur in most patients during the hyp - 
tension induced by protoveratrine. The fa 
that the pulse volume increased in the fing 
at the time when the pulse pressure decreas: 
(fig. 5) makes the change more significa 
since the expected change in finger pul 
volume with a decrease in pulse pressure wou 
be a decrease in finger pulse volume. Compai 
son of these observations with the hemod 
namic effect of protoveratrine after an intr 
venous injection indicates that the increase 
pulse volume in the digit is occurring at a tin 
when the cardiac output usually falls an 
reaches a minimum at 15 to 30 minutes 
These observations suggest that either a de- 
crease in cardiac output or dilatation of some 
of the arterioles or both could account for the 
precipitous fall of the blood pressure following 
the intravenous injection of protoveratrine. 
However, multiple factors are at work simul- 
taneously and this makes it impossible to 
attribute the change in blood pressure to one 
factor. Bradycardia of an important degree is 
occurring when the blood pressure decreases 
and when the cardiac output usually falls.® 
The individual variation in the changes in 
vardiac output and ‘vasodilatation’? may ac- 
count for the fact that certain patients have 
more symptoms suggesting a decrease in 
‘ardiac output (weakness and giddiness) than 
other patients during the full effect of proto- 
veratrine.!® 

The evidence for greater “vasodilatation” of 
the hands compared with the feet is to be noted 
and resembles the response of normal subjects 
to reflex ‘“‘vasodilatation” induced by warming 
the body.'® Less evidence of arteriolar dilata 
tion of the feet compared with the hands lead 
to the speculation that this may account fo 
the lack of postural hypotension from prot 
veratrine. Change in pulsation or skin tempera 
ture of the digits does not indicate what | 
happening in the rest of the body so tha 
generalizations are not possible. The observ: 
tion, suggesting greater “vasodilatation” in th 
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ands, however, is in accord with the clinical 
bservation of greater warmth and sweating 
ver the upper portion of the body after proto- 
eratrine, particularly the throat, chest, and 
pigastriim compared with the lower portion 
f the body.'® The changes after protoveratrine 
re in contrast to changes from hexamethonium 
vhich apparently produces a much greater in- 
rease in digital skin temperature of the foot 
han of the hand.'®: '" Hexamethonium is 
nown to produce postural hypotension.!° 
The response to protoveratrine is appreci- 
ibly less than the response to heating the 
body, particularly in regard to change in skin 
iemperature. The further increase in digital 
pulsation after the application of body heat, 
which is usually considered to be reflex in 
nature, was greater in the finger than in the 
toe (fig. 3) and this resembled the change after 
protoveratrine. The greater ‘‘reflex’”’ change in 
the finger compared with the toe both after 
protoveratrine and the application of body 
heat is similar to the greater and more rapid 
increase of finger skin temperature noted by 
Pickering and Hess in normal adults.'® They 
also demonstrated that only part of the ‘‘vaso- 
constrictor tone” of the feet could be abolished 
reflexly by warming the body, since nerve block 
of the foot resulted in an increase in skin tem- 
perature comparable with the rise in finger 
:kin temperature after the application of body 
eat. 
This study does not determine whether the 
atient develops tolerance or has an altered 
sponse to protoveratrine after several months’ 
lministration of the drug. Three patients 
id these studies repeated after six months 
protoveratrine administered orally. Two pa- 
‘nts had less and one had greater evidence of 
vasodilatation” at the time of the second 
travenous injection. In the patients who have 
‘en observed clinically it has been difficult to 
stinguish between a decreased response to the 
‘ug and progression of the hypertensive dis- 
ise.}5 
There was considerable variation in the re- 
onse of digital pulsation and digital skin 
‘mperature of the individual patients in this 
tudy. This is demonstrated in the statistical 


analysis of the data by the standard deviation 
of the difference being greater than the mean 
difference in the case of digital pulse volume 
and digital skin temperature. This indicates 
that some patients have much more arteriolar 
dilatation in the extremities from the drug than 
other patients. The observation that the cardiac 
output frequently falls after intravenous proto- 
veratrine indicates that the change in arteriole 
size is not the only factor which predisposes to 
a fall in blood pressure. 


CONCLUSIONS 


1. The fall in blood pressure and heart rate 
in hypertensive patients after intravenous 
protoveratrine were associated with an increase 
in digital pulse volume in most patients and 
the average increase for the group was demon- 
strated to be significant for the finger. 

2. The increase in digital pulse volume was 
greater in the hand than in the foot. 

3. A small increase in digital skin tempera- 
ture of the finger was observed but no sig- 
nificant change was noted in the toe. 

4. The increase in both pulse volume and 
skin temperature had a wide range for different 
individuals and did not occur in all patients. 

5. “Vasodilatation” as measured in this 
study is not the only factor having to do with 
the decrease in blood pressure since it did not 
occur in all patients. 


SUMMARIO IN INTERLINGUA 


Le cambiamento in le volumine del pulso e 
in le temperatura del derma del digitos del 
mano esseva observate in 25 studios post 
administrationes intravenose de protoveratrina. 
Esseva notate un_ significative augmento 
median del volumine pulsal, sed le differentia 
inter valores maximal e minimal esseva 
grande. In le digitos del pede le cambiamento 
del volumine pulsal non esseva significative. 
Quanto al temperatura, un leve augmento 
esseva notate in le derma del digitos del mano. 
“Vasodilatation” del mano e del pede non 
occurreva in omne patientes e consequente- 
mente non esseva le sol factor responsabile pro 
le reduction del pression sanguinee. 
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Cardiac Output and Central Volume as 
Determined by Dye Dilution Curves 


Resting Values in Normal Subjects and Patients With 
Cardiovascular Disease 


By Ausert A. Katrus, M.D., Artuur U. Rivin, M.D., Aaron Conen, M.D. anv 
GILBERT 8S. Sorio, M.D. 


Dye dilution curves determined by the method of Hamilton have been obtained from a series 
of normal subjects and from a group of patients with various types of cardiovascular disorders. 
Cardiac indices calculated from these curves revealed expected values. Central volume, believed 
to be an index of pulmonary blood volume, was calculated from the slopes of the down strokes of 
the curves. Central volume indices in normal subjects averaged 0.590 liters. Central volume in 
patients with heart disease was frequently normal or less than normal. Only cor pulmonale pa- 
tients with high output had central volumes significantly greater than normal. 


NOWLEDGE of the volume of blood in 
the lungs and the manner in which 
this volume is altered in various 

clinical and environmental conditions might 
be expected to aid in understanding the 
mechanisms of cardiac dyspnea, pulmonary 
edema and the redistribution of the blood 
volume which is believed to occur in conges- 
tive heart failure.' 

A new approach to the indirect determina- 
tion of the pulmonary blood volume was 
suggested by Newman and his associates.’ 
In 1951, these investigators published a theo- 
‘tical analysis of dye-dilution curves obtained 
y the Hamilton single injection technique. 
‘hey showed that from the slope of the down- 

roke of the semilogarithmically plotted arte- 

al dye concentration curve one could calcu- 
te the volume of the largest mixing chamber 
aversed by the dye as it traveled from the 

‘int of injection in a peripheral vein to the 

mpling point in a peripheral artery. Newman 

lled the volume calculated from the slope, 
ie “central volume,” and postulated that it 
as identical with or closely related to the 
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pulmonary blood volume. Subsequently, 
Pearce, Newman, and their associates pub- 
lished supporting evidence for this contention 
derived from experiments on dogs.* 

Previous indirect methods for measuring 
pulmonary blood volume have employed the 
formula of Stewart* which was subsequently 
modified by Hamilton.’ With this method, 
also based on the dye dilution technique, the 
intrathoracic blood volume is calculated by 
multiplying the cardiac output by the mean 
circulation time. Pulmonary blood volume is 
then obtained by subtracting assumed or cal- 
culated values for the volume of blood in the 
heart and great vessels from the intrathoracic 
blood volume. 

Central volume, on the other hand, is an 
index of pulmonary blood volume, which is 
probably independent of the volume of blood 
in the heart and great vessels, provided that 
the volume of blood in the right or left cham- 
bers of the heart does not equal or exceed the 
pulmonary blood volume. 

It seemed to us desirable to determine the 
central volume in normal subjects and in a 
series of patients with various cardiovascular 
abnormalities in order to ascertain the range 
of normal values and to note to what extent 
the abnormal subjects vary from the normal. 

Resting, single-injection dye-dilution curves 
were, therefore, obtained from a group of 
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normal subjects and from a series of patients 
with a variety of cardiovascular abnormalities. 
Cardiac output was calculated from the areas 
of the curves. Central volume was calculated 
from the down-slopes of the curves and blood 
volume was determined from venous blood 
samples drawn 10 minutes after the dye in- 
jection. These values are reported together 
with certain relationships between them which 
may be of interest. 


MetTHODS AND MATERIALS 


Normal subjects were healthy, young laboratory 
and professional personnel. There were only two 
females in this group. Patients were selected from 
the wards of the United States Veterans Administra- 
tion Hospital, Los Angeles, California. All were 
classified as to functional capacity according to 
Nomenclature and Criteria for the Classification of 
Heart Disease of the New York Heart Association. 

All subjects were studied in the supine position in 
the postabsorptive state in the morning after at 
least 30 minutes rest in the bed on which the test 
was done. Evans blue dye (T-1824) was injected into 
an antecubital vein as rapidly as possible through 
an 18-gauge needle. The time required for the in- 
jection was less than one second. The amount of dye 
injected ranged between six and nine mg. accurately 
determined by weighing the syringe before and after 
injection. Arterial samples were obtained through a 
17-gauge needle inserted into a procainized brachial 
artery on the opposite side from the injection. The 
arterial blood was led through a 20 to 25 em. length 
of plastic tubing (3 mm. internal diameter) to a 
rotating collecting device similar to the one illus- 
trated in Newman’s paper. The device was rotated 
at such speeds that samples were collected over a 
span of 1.5 to two seconds. Samples ranged in size 
between one and three ml. 

The blood samples were allowed to clot and the 
tubes were centrifuged. The serum was then trans- 
ferred to micro cells and_ the optical density read 
at a wave length of 620 A in a Beckman Model B 
spectrophotometer. The patients’ undyed serum was 
used as the blank. Standard curves were made up 
in serum, but a fresh standard curve was not made 
for each patient since curves made up in numerous 
patients’ sera at the beginning of the study showed 
no deviation from the original standard curve. 

The dye concentration curve was then plotted 
against time on semilogarithmic paper. The straight 
line down-stroke established prior to the appearance 
of recirculating dye was extrapolated through at 
least one cycle of the graph paper. Cardiac output 
was calculated from the area under the curve as 
described by Hamilton,® and central volume from the 
cardiac output and the slope of the down-stroke as 
described by Newman.’ 


Ten minutes after the dye injection a sample o 
venous blood was drawn for the determination 
the blood volume. 


RESULTS 


The data are presented in table 1 and iy 
graphic form in fig. 1. Cardiac output, centra 
volume, and blood volume are expressed bot 
as absolute values and as their respectiv 
indices, i.e., by dividing the actual values b 
the surface area of the subject in squar 
meters. 

. cardiac output 

The ratio, - 
blood volume 
per cent of the total blood volume which ji 
pumped by the heart in one minute. Lewis an 
coworkers’ have recently shown that the norma 
resting individual has a cardiac output pe 
minute about equal to his total blood volume 
Thus if BV 
this is what one would expect of a norma 
resting individual. If this value were signifi 
‘cantly greater than 100 then one would 
suspect that the cardiac output had _ been 
increased over normal perhaps by anxiety or 
some abnormality of the circulation. Values 
significantly less than 100 would suggest low 
cardiac output such as might be seen in 


100, gives tha 


X 100 were equal to 100 per cen 


vardiac failure or some abnormal depression 
of the circulation. 
central volume 


The ratio 100 gives the 


blood volume 
per cent of the total blood volume which 
comprises the central volume. 

Blood volume per kilogram of body weight 
is given because numerous other authors have 
used this method of reference. 

In Normal Subjects. In normal subjects 
cardiac index averaged 3.48 liters per minute. 
Central volume averaged 1.133 liters with an 
index of 0.590 liters. It should be noted tha‘ 
the lowest values for central volume index, 
0.374 liters and 0.291 liters were found in th: 
only two females in the group. The centre! 
volume averaged 20.2 per cent of the tot 
blood volume with a range of 13.5 per ce! 
to 32.8 per cent. 

In Patients With Mitral Stenosis. In th s 
group all subjects had what appeared to |} » 
pure mitral stenosis without clinical eviden: > 





"'aBLE 1.—Cardiac Output, Central Volume, Blood Volume and their Respective Indices Along with Some Interrela- 
tionships of Interest in 9 Normal Subjects and 45 Patients with Card 


tac Disease. 





r:- c | BV 


vi oo | ae, 4 tei aad I ee i : 
Subject Age co | cI BV -100 CV | CVI IBV 100; BV BVI Kg Class Remarks 


Normal 





1.270 | .690 | 17.9 | 7. 3.88 |107 
.550 | .374 | 14.5 | 3.80 | 2.58 | 76 
| .906 | .425 | 5. 2.68 | 64.8 
1.420 | .755 | 25.2 | 5.62 | 3.00 | 76 
| 1.380 | .696 | 24.0 | 5.70 | 2.88 | 65 
.961 | .485 | 16.7 | 5.75 | 2.80 | 67.3 
.471 | .291 | 13.5 | 3.50 | 2.16 | 58.8 | 
| 1.250 | .654 | 21.7 | 5. 3.02 | 84.8 
| 1.890 | .940 | 32.8 | 5.77 | 2.88 | 67.9 | 
Tae | | | 


| 1.133 | .590 | 20.2 | 5.41 | 2.98 | 74.2 | 


Mitral Stenosis 


3.20 | 88.1 II 
| 3.61 | 99.1 II | Post-commissurotomy 
.26 | 54.1} II 
.89 | 71.1 II | Post-commissurotomy 
2.19 | 59.7 II 
3.28 | 90.2 | ITI 
3.17 | 93-8 | TH 
.80 III | Bilateral leg amputations 


107.3 | 1.070 | .596 | 
90.4 .480 | .257 
132.6 -550 | .289 
103.4 | 1.370 | .612 
277 
-759 
-664 
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Mean : ; | 2.63 & .493 | 16.6 | 5.48 | 2.99 | 79.9 





Aortic Stenosis 





W.G. : § if .589 | .335 | 12.2 | 4.83 .74 | 74.6 I 
G. M. ‘ ; : 93. ; .3¢9 | 11.2 | 5.73 .a¢ | 88.1 II 
A. L. 9 | 3. 2 744 | 21 5.85 | 3.68 {119 III 
rT; 8. 3.57 | 96 .: : .260 | 11.7 | 3.75 .22 | 56.1 I | Occasional blackout 
A 3.5 “ : .362 | 13.7 | 4.95 .65 | 69.3 | IIT 


Mean ; . 86 83 y ae .422 | 13.9 | 5.02 | 2.93 | 81.4 


Sor Pulmonale 


.65 | 4.61 | 117.7 | 2.520 )1.520 | 38.8 | 6.50 | 3.92 /117.3 | IV 
‘ .30 | 4.04 | 105 2.010 |1.120 | 29.1 | 6.91 | 3.82 |106.5 | IV 
50 | 7.10 | 3.21 | 77.8 | 1.100 | .502 | 12.1 | 9.12 | 4.16 | 86.9 III 
59 | 5.05 | 3.18 | 88.2 | .885 | .557 | 15.4 | 5.74 | 3.61 (104.0 IV 


| 61 | 3.10 | 1.59 | 67.4 .897 | .460 19.5 | .60 | 2.36 | 51.6 | IV 
fi | = 


Mean 58 | 6.04 | 3.33 | 91.2 | 1.482 | .832 | 23.0 3.57 | 93.3 


Pulmonary Fibrosis 


22 | 6.40 | 4.21 : | .182 | 7.4 | 3.72 | 2.45 


No eardiac failure 


Thyrocardiacs 


: : 
| 185 886 | .506 | 13.7 | 6.45 | 3.69 |112 | ‘III 
| 140 .890 | .610 | 12.6 | 7.04 | 4.82 163 III 
| 102.1 | 1.130 | .646 | 16.2 | 6.98 | 3.99 107.2 | III | 
| 105.9 | 1.020 | .546 9 | 6.80 | 3.65 94.1) TIT) 
| 104.0 | 1.500 | .815 | 32.0 | 4.70 | 2.56 | 64.2, I 


or ~I ot or 
BRASE 
= 


Mean | 54 | 8.21 | 4.84 | 127.4 | 1.085 | .625 | 17.9 | 6.39 | 3.74 108.1 
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TABLE 1.—Continued 


l — loo / wi 
ai | a | . co = ‘ CV 
Subject Age co i a BV .100 cVI BV 


| 
100) BV BVI 





Congestive Heart Failure 
Hypertensive 


or 
€ 


7 | 1.180 | .631 | 19.9 | 5.94 | 3.18 | 83. 

= | .839  .466 13.8 .10 | 3.39 | 89. 
8 .610 347 9.6 | 6.34 | 3.60 | 91.8 
3.6 1.500 | .773 | 15.3 | 9.80 | 5.05 (116. 
.630 | .325 | 11.4 | 5.50 | 2.84 | 69.3 


Se oto 
nm 


mH wmnwbd w 
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.952 | .508 | 14.0 | 6.74 | 3.61 


90. 





Arteriosclerotic Heart Disease 
A. McC. 65 6.28 - 18 .641 | 22.1 | 5.35 | 2.91 
W.D. 56 | 3.4 a 18 #678 | 31.1 | 3.80 | 2.18 
M. T. é i ‘ .68 .850 | 18.7 | 9.00 


Mean 5s : 82.! oe .723 | 24.0 | 6.05 





tic Aortic Insufficiency 

F. M. 3.35 | 2.9% 52. ‘ .386 | 19.8 | 4.17 | 1.94 
R. B. Big 2.1% : .397 | 16.3 | 4.19 | 2.44 
Mean BS | 5. 2.58 : .756 | .391 | 18.0 | 4.18 | 2.19 


Miscellaneous 





i 9 | 3.72 | : . .713 | .405 | 14.4 | 4.94 | 2.8 ’ | Coarct. aorta 

eos 45 3.88 ‘ ! .850 | .915 | 29.0 | 6.39 | 3.18 3.é Idiopath. myocard. 

M. L. 51 | 2. + 38 .! .660 | .883 | 23.8 | 6.96 | 3. ; Mitral insuf. 

H. W. 38 | 5.75 | 2. 8 .270 | .648 | 26.2 | 4.84 | 2.- < Apical systolic m., un- 
known cause. No ecard. 
sympts. 

Aneurysm pulmon. art., 
asymptomatic. 

Constrict. pericard. Mild 
edema. 

TBC pericard. effusion. 
Mild tamponade. 

Complete heart block, 
pulse 27. 

49 6 415 |. 3 3.é . Polyeythemia vera. No 
card. dis. 

F. A. 3. 46 a 345 | 24 2.46 Complete heart block, 
pulse 42. 

Malig. hypertens. No fail 
ure. 


2.59 


aia 3.36 | 1.93 | 81. 467 


CO = Cardiac output, liters per minute. 
CI Cardiac index, liters per minute per square meters, body surface area. 
CV Central volume, liters. 

CVI = Central volume index, liters per square meters, body surface area. 
BV Blood volume, liters. 

BVI = Blood volume index, liters per square meters, body surface area. 

BV 
Kg 





Blood volume in cc. per Kg. body weight. 
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CENTRAL VOLUME INDEX 


Fia. 1. Cardiac index plotted upward from the base line and central volume index plotted down- 
ward from the base line. Clinical categories and individual patients are arranged in same order as 
in table 1 except for the patient with the pulmonary fibrosis who has been plotted in the miscel- 


laneous no heart failure group. 


of significant mitral insufficiency. All but there 
of them eventually had mitral commissurot- 
omies. Patients M. C. and R. W. were studied 
only postoperatively three weeks after mitral 
commissurotomy. At the time of study, rum- 
bling presystolic apical murmurs could still be 
heard in both of them. Patients R. B. and 
‘!’. R. were not subjected to operation because 
of age, and N. D. refused surgery. 

Cardiac outputs and indices in this group 
were generally lower than in the normal sub- 
jects, as might be expected. However, some 
) atients did have cardiac indices within normal 
‘mits. Central volumes and indices tended to 

e considerably smaller than normal par- 
‘cularly in patients in class II. The larger 

ntral volumes seemed to be in patients in 

lass IIT. However, F. M. is an exception and 

id not appear to be different clinically from 
.. W. who had a small central volume. In the 
wo postoperative patients there were widely 
livergent central volume indices, 0.257 liters 

1 M. C. and 0.612 liters in R. W. Patient 
\I. C. had had long standing congestive failure 
rior to surgery and had been greatly relieved 


by the operation. R. W. had had compara- 
tively mild symptoms and had been able to 
carry on his work as a school teacher. 

In Patients With Aortic Stenosis. In this 
group cardiac indices were generally low except 
for W. G. who had a high cardiac output, and 
G. M. whose output was normal. Central 
volumes were strikingly small except for A. L. 
who was in congestive heart failure, and there- 
fore in class III. The other class III patient, 
A. O., was disabled by angina pectoris but not 
by congestive failure. In this small series the 
central volume averaged only 13.9 per cent 
of the total blood volume. 

In Patients With Cor Pulmonale. There were 
two patients with high cardiac indices in this 
group and both of these had large central 
volumes. Two patients had normal cardiac 
indices and both of these had central volumes 
in the normal range. One patient had low 
‘ardiac index, and his central volume was low. 
This is the only group in which central volume 
appeared to be directly related to cardiac 
output. 
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In Patients With Pulmonary Fibrosis. The 
only patient in this group, a 22 year old man, 
developed cyanosis and clubbing of the fingers 
following an attack of “‘virus pneumonia” two 
years prior to his study. Chest x-ray films 
showed a diffuse reticular pattern, and lung 
biopsy revealed marked interstitial fibrosis. 
Pulmonary ventilation was only mildly re- 
duced. The cardiac index was high and the 
central volume was 0.277 liters, the smallest 
central volume found in the entire series of 
patients. 

In Thyrocardiac Patients. Four of these five 
patients had the circulatory pattern expected 
in congestive failure due to thyrotoxicosis. 
The features were high cardiac index and large 
blood volume. The central volumes were re- 
markably uniform in this group, falling in the 
normal range. Because of the expanded blood 
volumes in this series, central volume comprised 
a smaller than normal percentage of the total 
blood volume. Although patient A. J. was 
mildly thyrotoxic by the usual clinical tests, he 
did not have the circulatory manifestations of 
this disease. 

In Patients With Congestive Heart Failure. 
All of the patients in this group had congestive 
heart failure and were, therefore, in class III 
or class IV. All of them had clinical edema and 
all required digitalis, low salt diets, and regular 
administration of mercurial diuretic drugs. The 
group is divided into four subgroups; patients 
with hypertensive heart disease, arteriosclerotic 
heart disease, syphilitic aortic insufficiency, 
and a miscellaneous group comprised of: W. H., 
a man of 65 with coarctation of the aorta, 
T. W., a 45 year old man with idiopathic myo- 
carditis, and M. L., a man 51 years old, with 
very marked mitral insufficiency due to rup- 
tured chordae tendineae. 

In Congestive Heart Failure Due to Hyper- 
tensive Heart Disease. Patients in this group 
had cardiac indices ranging from normal to 
very low. Central volumes were in the range 
of normal in three of the subjects and small in 
two of them. Central volume did not appear to 
be related to the cardiac output or to the 
blood volume. 

In Congestive Heart Failure Due to Arterio- 
sclerotic Heart Disease. These three patients 


all had large central volumes despite loy 
cardiac indices in two and normal cardiac index 
in one. Blood volumes varied from small t 
large. 

In Congestive Heart Failure Due to Syphilit 
Aortic Insufficiency. These two patients ha 
almost identical central volumes  despit 
rather wide variations in cardiac index an 
blood volume. 

In Miscellaneous Congestive Heart Failur . 
All three of these had very low cardiac indice . 
The patient with the coarctation had a sma 
central volume while the one with myocardit 
and the other with mitral insufficiency ha 
large central volumes. 

In Patients With Various Forms of Hea 
Disease But Without Heart Failure. In this 
group it is interesting to note that four of th 
patients had central volume indices rangin 
from 0.648 liters to 0.688 liters, values whic! 
are in the range of most of our normal males. 
These patients all felt well and had no limita- 
tion of their activities. One of these, H. Sp., 
had constrictive pericarditis which had _pro- 
duced enlargement of the liver and mild ankle 
edema but had not interfered greatly with his 
vigorous life. None of these four patients had 
dyspnea. 

A comparison of the patient with constrictive 
pericarditis and the patient with pericardial 
effusion (A. P.) reveals that they had similar 
cardiac indices and similar blood volumes. 
Both had markedly elevated venous pressures. 
Yet, the central volumes showed marked differ- 
ences, the pericardial effusion patient having a 
central volume index of 0.476 liters as opposed 
to the constrictive pericarditis patient with a 
central volume index of 0.657 liters. Both 
patients with complete heart block had small 
central volumes. The patient with malignant 
hypertension died of a cerebral hemorrhage « 
few days after our test. 


DIscUSSION 


farly efforts to measure the pulmonary 
blood volume directly were summarized b/ 
Drinker, Churchill and Ferry in 1926.8 The” 
cite the work of Spehl and his associates datin 4 
back to 1881. These investigators abrupt! ° 
ligated the vessels leading into and out of th> 
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‘art in rabbits during various phases of 
‘spiration both at sea level and at 3,000 meters 
2 titude. They found that the rabbit lungs con- 

iined 8 to 9 per cent of the total blood volume 

the end -of inspiration, 5 to 6 per cent of the 

ital blood volume at the end of expiration. 
. t high altitude the lungs contained slightly 
1.ore blood. Similar experiments were performed 
ca dogs by Plumier® who found pulmonary 
| lood volume to be about 10 per cent of the 
total blood volume. 

Kuno” employed the dog heart-lung prepa- 
ration ligating both lung hila simultaneously. 
Iie found values of pulmonary blood volume 
ranging from 9 per cent to 20 per cent of the 
total blood volume. In this series the pul- 
monary blood volume increased as the cardiac 
output increased. In two dogs in which pul- 
monary edema was induced the amount of 
blood in the lungs was 26.2 per cent and 23.4 
per cent of the total blood volume. 

Indirect methods for measurement of pul- 
monary blood volume were introduced by 
Stewart! in 1921 when he published his formula 
for calculating pulmonary blood volume by 
multiplying cardiac output by the mean circu- 
ation time through the lungs. He believed that 
le could obtain the mean pulmonary circula- 
tion time by making minor corrections in the 
lobserved circulation time. He believed that at 
east in small animals the major part of the 
circulation time was spent in traversing the 
lungs. Employing his method in dogs he ob- 
tained pulmonary blood volumes of about 20 
per cent of the total blood volume. 

Stewart’s method was subsequently modified 

, Hamilton and his associates® who first em- 

oyed a single rapid injection of dye and cal- 

ilated cardiac output from the extrapolated 
irves of the dye concentration during its first 
rculation. Hamilton pointed out that in the 

| aman the volume calculated from the cardiac 
itput multiplied by the mean circulation 
me really includes the blood in the heart, 
ings, and great vessels leading to and from 
ie heart. 


A number of investigators in recent years 
ave employed the Stewart-Hamilton formula 
) obtain the intrathoracic blood volume. 
mong these have been Ebert, Borden, Wells 


and Wilson," Lagerléf, Werko, Bucht and 
Holmgren;'? Kopelman and Lee;'* and Doyle, 
Wilson, Lepine and Warren; all of whom in- 
jected the dye through a catheter into the 
right heart or pulmonary artery. 

The data from the Ebert group are almost 
identical with ours for the normal subjects. 
However, they found slightly higher than 
normal values for intrathoracic blood volume 
in mitral stenosis and considerably higher 
values in left ventricular failure. Kopelman 
and Lee found higher values for intrathoracic 
blood volume when dye was injected through 
an antecubital vein than they did when injec- 
tion was made through a catheter. Their aver- 
age normal values were considerably higher 
than ours. In mitral stenosis they found that 
intrathoracic blood volume was not sig- 
nificantly increased and there was very little 
difference between the values in compensated 
and decompensated individuals. In left ven- 
tricular failure intrathoracic blood volume was 
considerably increased over normal and with 
compensation it decreased. 

Lagerléf and his coworkers estimated the 
volume of blood in the heart from the size of the 
x-ray film silhouette and, using an estimated 
volume of blood in the aorta and large arteries, 
subtracted these from the intrathoracic blood 
volume to obtain the pulmonary blood volume. 
With this method the mean pulmonary blood 
volume index in seven normal subjects was 
597 ce. Patients with hypertension, mitral 
stenosis and pulmonary disease had pulmonary 
blood volumes which were not. significantly 
different from normal nor was there any sig- 
nificant difference between compensated and 
uncompensated cardiac patients. 

In the study of Doyle and associates mean 
intrathoracic blood volume index was 634 cc. in 
normal subjects and 892 cc. in patients with 
congestive heart failure. These investigators 
found a significant difference between patients 
with mitral stenosis whose intrathoracic blood 
volumes averaged 28 per cent of the total 
blood volume and patients with tricuspid in- 
sufficiency whose intrathoracic blood volumes 
averaged 19 per cent of the total blood volume. 

Nylin and Celander'® used radioactive phos- 
phorus labeled red blood cells to obtain dilution 
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Fic. 2. Seatter graph in which cardiac index is 
plotted against central volume index. No correlation 
between the two is shown. 


curves. Using their own modification of the 
Stewart-Hamilton formula they obtained 
values for intrathoracic blood volume amount- 
ing to about 33 per cent of the total blood 
volume. 

It is difficult to account for the strikingly 
good agreement between our data for central 
volume in normal subjects and the data ob- 
tained by Borden and coworkers, Lagerléf 
and associates and Doyle and colleagues for 
normal subjects. The volumes determined by 
Borden and associates and by Doyle and his 
coworkers include blood in the left heart and 
major arteries while the volumes calculated by 
Lagerléf do not. Our data, of course, were cal- 
culated in an entirely different manner. Yet, 
average values for pulmonary blood volumes 
in all four groups of normal subjects are sur- 
prisingly close. 

In the groups with disease, wide discrepancies 
between our data and those of the other in- 
vestigators are noted. The others have found 
pulmonary blood volumes equal to or greater 
than normal in patients with mitral disease. 
We have found generally smaller than normal 
central volumes in patients with valvular heart 
disease. The degree of compensation did not 
seem to be a factor in determining whether this 
volume was small or large. There did not ap- 
pear to be significant differences between 
patients with mitral stenosis, aortic stenosis, or 
aortic insufficiency. 

While Borden and colleagues, Kopelman and 
Lee, and Doyle and associates found increased 


intrathoracic blood volumes in congestive 
heart failure, Lagerléf and his co-workers 
found no significant increase in pulmonary 
blood volume in patients with heart failure. 
Most of our patients with congestive failure 
had central volumes within the normal range. 
However, those with arteriosclerotic heart 
disease tended to have higher volumes thar 
those with hypertensive or with valvular 
disease. 

Patients with high cardiae output cor 
pulmonale had the highest central volumes in 
this series, while the patient with pulmonary 
fibrosis and no cardiac failure had the smallest 
central volume in the series. 

The thyrocardiacs, despite the high cardiac 
outputs, had central volumes within the range 
of normal. No consistent pattern could be dis- 
covered among those patients in the miscellane- 
ous group who were studied. 

That the size of the central volume is not 
related to the cardiac output is illustrated in 
the scatter graph (fig. 2) which plots central 
volume index against cardiac index. 

Thus the pulmonary blood volume as esti- 


mated from the slope of the dye-dilution wash- 
out curves seems to vary considerably among 
normal subjects and patients with a variety 
of cardiovascular diseases with no sharp dis- 
tinctions between clinical categories. It may be 
that the size of this volume is governed by 
factors as yet undiscovered. 


SUMMARY 


1. Single injection dye-dilution curves have 
been obtained on a series of nine normal sub- 
jects and 45 patients with a variety of cardio- 
vascular abnormalities. 

2. Cardiac indices were determined from 
the areas of the curves and central volume 
indices from the slopes of the semiloga- 
rithmically plotted downstrokes of the curves. 
Central volume is believed to be identical with 
or closely related to pulmonary blood volume. 

3. Cardiac indices in this series revealed 
expected values. 

4. Central volume indices in normal subjects 
averaged 0.590 liters. 

5. Central volume indices in patients witl 

valvular heart disease and hypertensive con 
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costive heart failure may be smaller than 
1 ormal. 

6. Central volume indices in numerous pa- 
‘ents with cardiovascular abnormalities were 
 ithin the range of normal values. 

7. The largest central volume indices were 

yund in patients with high cardiac output cor 

ulmonale while the smallest central volume 
idex was in a patient with pulmonary fibrosis. 


SUMMARIO IN INTERLINGUA 


1. Curvas del dilution de colorantes post 
\ion-repetite injectiones esseva obtenite ab un 
serie de nove subjectos normal e de 45 patientes 
con un varietate de anormalitates cardio- 
vascular. 

2. Indices cardiac esseva determinate super 
le base del areas del curvas. Indices de volu- 
mine central esseva determinate super le base 
del descenditas del curvas in presentation semi- 
logarithmic. Nos ha rationes a creder que le 
volumine central es identic, o strictemente 
relationate, con le volumine de sanguine pul- 
monar. 

3. In le serie hic presentate le indices cardiac 
esseva conforme al valores expectate. 

4. In individuos normal le valor median del 
volumine central esseva 0,590 litros. 

5. In patientes con morbos cardiac valvular 
e hypertensive insufficientia congestive del 
corde le indices del volumine central pote esser 
infra le norma. 

6. In multe patientes con anormalitates 
cardiovascular le indices del volumine central 
sseva infra le limites normal. 

7. Le plus alte indices de volumine central 

sseva trovate in patientes con corde pulmonar 

alte rendimento cardiac. Le plus basse indice 
e volumine central esseva illo de un patiente 
on fibrosis pulmonar. 
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Primary Hemangioendotheliosarcoma of Heart, 


Diagnosed by Angiocardiography 


Review of the Literature and Report of a Case 


By Tsuna O. Cuenea, M.D., AND Don C. Sutrron, M.D. 


Primary malignant tumors of the heart are rare and are seldom recognized before death. This 
paper reports a case of primary hemangioendotheliosarcoma of the right atrium of the heart, 
which was diagnosed clinically by angiocardiography. A brief review of the literature is also pre- 
sented. No reports are to be found in the literature of the antemortem diagnoses of a primary 
hemangioendotheliosarcoma of the heart by angiocardiography. Autopsy findings are included. 


HEREAS a considerable number of 
tumors of the heart have been re- 
ported in the literature, they are 
still a relatively rare occurrence. Primary 
cardiac malignancies are rarer still, their ratio 
to metastatic tumors being 1 to 16,! and of this 
group the malignant hemangioendothelioma 
is among the least common.? Recognition of 
cardiac tumors during life, especially in the 
primary form, is extremely difficult. Up to the 
present time the diagnosis of primary malig- 
nant tumor of the heart has been made ante 
mortem in only six instances; in all the tumors 
were sarcomas.’ 7 In no case was angiocardi- 
ography employed, although the latter pro- 
cedure had been successfully employed in one 
case of myxoma® and other intra- and extra- 
cardiac tumor masses.®: ° 
Only seven! *: 4 cases of primary hemangio- 
endotheliosarcomas of the heart have been 
reported; our case will be the eighth. It is of 
interest to note that the case we are presenting 
is the first case in which the correct diagnosis 
was suggested ante mortem by angiocardiog- 
raphy. 


CasE REPORT 


A 45 year old Negro man entered the Cook County 
Hospital on Feb. 11, 1954, complaining of substernal 
pain, cough and dyspnea of three weeks’ duration, 
and swelling of face and feet of one week’s duration. 
He had been well until three weeks before admis- 
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sion when he rather suddenly developed substern: | 
pain that was aggravated by coughing and dee» 
respiration, and a cough productive of a scant 
amount of rusty sputum. On one occasion about haf 
a teaspoonful of bright red blood was coughed up. 
At about the same time he developed dyspnea whic): 
was most pronounced on sitting up and seemed to be 
relieved by lying down. Progressive swelling of his 
face and both feet, which appeared one week before 
hospitalization, was most marked at night. 

Physical examination on admission showed the 
patient to be a well developed, well nourished 
middle-aged Negro man. He lay comfortably in 
bed. Temperature was 99 F., blood pressure 100/86, 
respiration 28 per minute, and pulse 112 per minute 
and regular. There was slight edema of the lower lip 
but none of the face. The cervical veins were promi- 
nently distended on both sides, more so on inspira- 
tion. Examination of the chest revealed a patchy 
area of bronchial breathing and moist rales below 
the angle of left scapula. Cardiac dullness extended 
to the midaxillary line in the sixth intercostal space, 
and there was some apparent widening of the supra- 
cardiac dullness in the supine position. The heart 
sound were slightly muffled. No murmur or rub was 
heard. The liver edge was palpable 4 em. below the 
right costal margin; it was soft, smooth, and mod- 
erately tender. There was no ascites or peripheral 
edema. 

The urine showed a trace of protein and many 
fine granular casts. The hemoglobin content was 89 
per cent, the red cell count 4,900,000, and the leuko 
cyte count 14,600. The nonprotein nitrogen content 
of the blood was 50 mg. per 100 cc. Sedimentation 
rate (Wintrobe method) was zero. Blood Kahn 
test was negative. One blood culture showed no 
growth. An electrocardiogram revealed a right axi 
shift and a semivertical electrical position of th 
heart, with low voltages of all the complexed, in 
verted T waves in precordial leads V;, V2 and \ 
and isoelectric T waves in V4, V; and V5. The cor 
rected Q-T interval was 0.40 second. Venous pressur 
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vas 320 mm. saline by the method of Moritz and 
‘abora. Circulation time was 8 seconds with ether 
nd 30 seconds with magnesium sulfate. X-ray films 
f chest (fig. 1) revealed gross cardiac enlargement 


Fic. 1. Roentgenograms of chest. Note the gross 
enlargement of the heart both to left and right. 


both to left and right, with haziness over left lower 
chest. 

Patient was treated with digitalis, penicillin, 
tetracycline, Meralluride and Diamox. During his 
hospital course he was entirely afebrile. On the 
fourth hospital day, a paradoxic pulse was detected. 
More prominent venous engorgement was noted in 
the neck, both upper extremities and the upper chest. 
On the sixth hospital day pericardiocentesis was 
performed through the fifth left intercostal space 
external to the cardiac apex and also through the 
left xiphocostal angle. Both attempts failed to obtain 
any fluid. Following this a loud pleural friction rub 
was heard on the left side, especially around the apex 
of the heart. 

On the eighth hospital day angiocardiography was 
performed. The films taken four and one-half seconds 
and six seconds after the dye injection (Urokon 
sodium, 70 per cent) showed good filling of the azy- 
gos vein, superior vena cava and the pulmonary 
artery. In the enlarged right atrium, a large filling 
defect which was constant in shape, size, density 
and position was seen in the films made four and one- 
half and six seconds after injection of the contrast 
substance (fig. 2). In view of the angiocardiographic 
findings along with the clinical course of the patient, 
a diagnosis of a primary cardiac neoplasm was sug- 
gested. 

The patient’s condition gradually grew worse, his 
edema became generalized, and the patient finally 


B 


Fig. 2. Angiocardiography. Films selected from serial studies in frontal projection made follow- 
ing intravenous injection of 50 cc. of Urokon sodium (70 per cent). (A) At 4.5 seconds. (B) At 6 
seconds. Between 4.5 and 6.0 seconds following the injection there was good opacification of the 
superior vena cava, azygos vein, part of the right atrium and the pulmonary artery. The right atrium 
was enlarged and was the site of a large irregular filling defect, constant on both films. 
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expired on the thirteenth hospital day, after a total 
known duration of illness of five weeks. 

Necropsy Findings: The pericardial sac contained 
50 ec. of hemorrhagic fluid. The heart weighed 700 
Gm. The right atrium of the heart was enlarged. 
Arising from the right atrium was a large cauli- 
flower-shaped hemorrhagic tumor mass which 
bulged into the pericardial cavity. The tumor ex- 
tended through the wall of right atrium, arose 
from the posterolateral aspect of the right atrium, 
and almost filled the entire right atrium, extending 
upward into the right atrium and down through the 
tricuspid valve orifice into the right ventricle (fig. 3). 
The superior vena cava was almost completely ob- 
structed up to the level of the innominate vein. On 
cross section the tumor tissue was purplish and 
hemorrhagic, with whitish specks scattered through- 


Fic. 3. Interior of right atrium showing the tumor 
growing down through the tricuspid valve opening 
into the right ventricle. 


out. The remaining chambers of the heart and tle 
valves were not unusual. The coronary arteri:s 
were all patent. Except for a few scattered hem« 
rhagic areas in the right ventricle, the myocardiu 
was normal. The left pleural cavity contained 10( 
ec. of bloody fluid and the underlying left lw :; 
showed atelectasis. The pleural surfaces of bo 
lungs were covered with many fine, round, purplis , 
hemorrhagic nodules. The liver weighed 2000 Gn , 
showed severe congestion, and contained one roun: , 
slightly umbilicated, purplish tumor nodule. 

Several sections from the primary tumor of tl > 
heart showed a considerable pleomorphism. Mo 
of the tumor consisted of various sized, blood-fillc | 
spaces, making up what appeared to be poor 
formed vascular channels. There were large sinus 
with marked proliferation of endothelial lining ai 
small thick-walled capillaries about these caverno 
vascular spaces filled with blood (fig. 44). The e: - 
dothelial lining cells varied in shape and size, a 
had a varying amount of pale eosinophilic cytoplas 
and hyperchromatic irregular nuclei which had 
fine network of chromatin with a few small ai 
indistinct centric or eccentric nucleoli. Mitot-c 
figures were frequently seen (fig. 4B). In other aress 
the capillaries had distinct thick walls composed of 
concentrically layered, plump, rounded pericytes 
(fig. 4C). There were also areas of necrosis and 
hemorrhage. Scattered in the myocardium of the 
right ventricle were many extensive hemorrhagic 
infarcts with leukocytic infiltration due to ob- 
struction of the thebesian veins. 

The histologic picture of the metastatic nodules in 
the lungs varied from capillary hemangioendothe- 
lioma with pericytomatosis to cavernous heman- 
gioma. 


Fic. 4. Microscopic appearance of various portions of the tumor showing (A) hemangioma, (B) 
hemangioendothelioma, and (C) hemangiopericytoma. 
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‘he liver showed severe congestion with marked 
tral necrosis, but no fibrosis. The tumor nodule 
the surface was a cavernous hemangioma. 
Discussion 
The case we have presented was that of a 
year old man with symptoms of rather 
Iden onset of severe congestive heart failure 
e to an obstruction to the inflow of blood 
m the great veins into the right side of the 
art. It was at first thought that the patient 
ght be suffering from tuberculous _peri- 
‘“rditis with effusion; but this diagnosis was 
scon abandoned because of a “‘dry” pericardio- 
ccntesis. Moreover, the sedimentation rate 
of zero was not entirely consistent with an 
active tuberculous process. The diagnosis of 
an “idiopathic” myocarditis was then con- 
sidered. However, this diagnosis was also be- 
lieved unlikely because of absence of fever, 
normal sedimentation rate, lack of tachycardia, 
a normal Q-T interval in the electrocardiogram, 
and the atypical clinical course with a pre- 
dominant picture of unexplained obstruction 
to the venous inflow. The possibility of an 
intracardiac tumor, probably a neoplasm, was 
therefore finally considered. Support of this 
diagnosis was rendered by angiocardiography, 
and confirmation was obtained at necropsy. 
Tumors of the heart are rare. Metastatic 
tumors are more common than those of the 
primary type, and benign tumors are more 
frequently found than malignant primary 
growths. Figures based on necropsy material 
v ry considerably. According to Straus and 
\ orliss,!° the incidence of primary tumor of 
t! » heart is 0.0017 per cent. This percentage 
is probably close to the actual incidence of 
p mary cardiac tumors. Mahaim" collected 
3) published cases of primary tumors of the 
h .rt from the world literature; of these 87 
vy ve malignant. Whorton* collected 99 cases 
( orimary malignant tumors of the heart from 
literature, to which he added one of his 
n. In 1951, Prichard® in his review brought 
¢ total of primary cardiac neoplasms to 416, 
which 113 were primary sarcomas. Twenty 
.e more have since been reported,!: 2: 2-%8 
inging the total of reported primary sar- 
mas of heart to 134. 


Primary cardiac sarcomas are more common 
on the right side, especially the right atrium, 
in contrast to the benign myxomas which are 
more often found in the left atrium. According 
to Whorton,* three-fourths of all cases of pri- 
mary cardiac neoplasms occur between the 
ages of 20 and 60, the mean being 43 years. 

There are no pathognomonic symptoms or 
signs of primary malignant tumors of the 
heart. Several authors, particularly Yater,?® 
Mahaim," Woll and Vickery,*! Whorton* and 
Pfeiffer,*° have discussed this subject at length. 
In many cases the diagnosis is one of exclusion 
and is usually only suggested by the peculiar, 
atypical course of intractable heart failure in 
a previously healthy individual without ob- 
vious cause. Mahaim, cited by Whorton,’ has 
pointed out that, “The symptomatology of 
cardiac sarcoma is dominated by the frequency 
of its localization in the right auricle. This may 
give rise to obstruction of the neck veins, edema 
of the face, upper trunk, upper extremities, 
and the development of collateral circulation. 
Uncommonly a cardiac tumor mass in the 
superior mediastinum may cause a dry cough 
and very rarely dysphagia. Precordial or chest 
pain is not uncommon. Auricular sarcomas 
may take the form of a polypoid lesion that 
gives rise to a ball-valve action on the tricuspid 
ralve.’’ Gould® mentioned -respiratory dif- 
ficulty as a striking feature in @ patient with 
atrial tumor. Grewin* stated that a common 
syndrome in malignant tumor in the heart is 
cough with hemoptysis, congestion of the veins 
of the upper part of the body and pericarditis. 

Roentgenographic examination can be help- 
ful in diagnosis.?*: 4-39 Electrokymographic or 
roentgenkymographic — studies," *: 4° tomog- 
raphy,” pneumopericardium,’ and angiocar- 
diography®: * 9". 41 may all help to clarify 
the diagnosis. In our case serial films made 
during the period of right atrial opacification 
showed a large, round filling defect. This pre- 
sented a regular, constant contour and border 
in serial films in contrast to the irregular and 
inconstant border seen in tricuspid insuf- 
ficiency, the latter being described as the 
‘Set sign” by Dotter, Lukas and Steinberg.” 
Although the antemortem diagnosis of primary 
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tumors of the heart have been made six 
times*: 7: “8-46 previously, our case is the first 
case of primary cardiac sarcoma which was 
diagnosed by means of angiocardiography. It 
seems that, had angiocardiography been avail- 
able to or used by the previous authors, more 
vardiac tumors could have been successfully 
diagnosed definitely during life. 


SUMMARY 


1. A case of primary hemangioendothelio- 
sarcoma of the heart is reported. 

2. The diagnosis was suspected ante mortem 
on the basis of angiocardiographic demonstra- 
tion of a filling defect in the right atrium. 

3. Certain clinical manifestations are pre- 
sented which were suggestive, although not 
diagnostic. The recognition of this rare condi- 
tion during life is not entirely impossible. 

4. This case of primary cardiac sarcoma 
brings the total recorded to 135. It is the 
eighth malignant hemangioendothelioma of 
the heart reported, the second diagnosed during 
life, and the first demonstrated by angio- 
cardiography. 


SUMMARIO IN INTERLINGUA 


1. Es reportate un caso de primari hemangio- 
endotheliosarcoma del corde. 

2. Le diagnose esseva previdite ante morte 
super le base de un demonstration angio- 
cardiographic de un defecto projicite al interior 
del atrio dextere. 

3. Es presentate certe manifestationes clinic 
que esseva de valor suggestive ben que non 
diagnostic. Le recognition de iste rar condition 
morbose durante le vita del patiente non es 
integremente impossibile. 

4. Iste caso de primari sarcoma cardiac 
avantia le total del casos reportate in le littera- 
tura a 135. Inter istos illo es le octave caso de 
maligne hemangioendothelioma del corde, le 
secunde diagnosticate durante le vita del pa- 
tiente, e le prime demonstrate per angio- 
cardiographia. 
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OENTGENOGRAPHIC and _ fluoro- 
scopic observations, always important 
to the patient and physician when 

heart disease is suspected, gain significance 
only by correlation with information gained by 
other methods. Isolation or over-emphasis of 
roentgenologic observations is as a sentence 
read out of context. The recognition of a pat- 
tern might well be called interpretation. The 
“eoeur en sabot” heart, fondly thought of by 
many as diagnostic of the tetralogy of Fallot, 
assumes an entirely different significance in the 
absence of cyanosis, or in the presence of left 
ventricular dominance as shown by an electro- 
cardiogram. Should we discard a medical find- 
ing because of lack of specificity when, basically, 
it is the recognition of its relation to the pattern 
that actually makes it significant? 

Certain roentgenographic technics, such as 
angiocardiography, kymography, and_ retro- 
grade aortography, have not enjoyed as broad 
a sphere of usefulness as the heart film or fluor- 
oscopy. The importance of these technics lies in 
the very specific, though limited, information 
they yield. At times they constitute the key to 
the differentiation of one entity from the other. 
We should not like to argue the question of 
whether the already assembled or the missing 
pieces of a jigsaw puzzle are the more impor- 
tant. 


Tue Grow1nc HEART 


The size, shape, and beat of the heart and 
its vessels are products of its basic embryologic 
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design and of its load, past and present. Radi 
logic examination of these features yields i: - 
formation on the structure of the heart and i 
load. In acquired heart disease of older chi - 
dren or adults, the recognition and interpret: 
tion of these changes is a relatively simp: 
process. One assumes that the patient bega 
life with a normal heart already well develope: 
into four chambers, that this was followed by 
the development of normal left ventricular 
dominance, and that this pre-existing familiar 
picture was altered by disease. Whether there 
be valvular stenosis, insufficiency, or altered 
extracardiac work load (hypertension, trau- 
matic arteriovenous fistula, and so forth), the 
heart responds by adding hypertrophy or en- 
largement to the known pre-existing pattern. 
Occasionally, one may see diminution in size 
(Addison’s disease), but in all instances of ac- 
quired disease (as opposed to congenital mal- 
formations) there is an alteration of the normal 
adult four-chambered heart. Selective chamber 
enlargement is relatively easily recognized, and 
criteria are well established. 

The course of events in the development of 
the normal heart is well documented. Jn ulero, 
as at birth, the heart reflects the load of the 
fetal circulation, resulting in right and left ven- 
tricles of comparable size with right and left 
myocardium of equal thickness. Most norm:! 
hearts at birth will measure and weigh approx 
mately the same; in fact, the majority of coi 
genitally defective ones will also show litt 
variation in size in the first few weeks of lif. 
The commonest congenital malformations w 
normally sustain fetal circulation. If the d 
velopmental malformation of the heart gross’ / 
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ils to sustain fetal circulation, intrauterine 
ath intervenes. As a result, most infants be- 
n life with a heart of approximately the same 
<ternal dimensions and configuration. Only 
1 ose having primary myocardial disease, aor- 
+c atresia, and congenital arteriovenous aneu- 
‘sms are the exceptions. Thus, roentgeno- 
; rams will fail to distinguish the normal heart 
‘om the majority of hearts having congenital 
| sions at, or shortly after, birth. 
When the lungs become aerated shortly after 
birth, after the foramen ovale ceases to func- 
on, and after the ductus closes, the pulmonary 
und systemic circulations are separated. The 
loft ventricle gradually hypertrophies, parallel- 
ing the increased pressure of the systemic circu- 
lation. The left ventricle thus becomes heavier 
and larger, and thereby the dominant chamber 
of the heart. Normally, this trend probably 
persists throughout life, the left ventricle con- 
tinuing to hypertrophy relatively more than 
the right until myocardial degenerative changes 
set in due to impaired circulation, fibrosis, or 
other factors, or until the load balance is altered 
by acquired valvular or pulmonary disease. 


Ilypertension in the young adult simply ag- 
gravates this trend. It is evident that the size 
and configuration of the heart, despite a prob- 
able plateau in the middle span of life when it is 
relatively stable, is not static. 


CarpDIAC S1izE AND MENSURATION 


No simple method of roentgenographic car- 
ic measurements has yet been devised which 
s proved to be of practical value in infancy 
d early childhood. The reasons are funda- 
ntal.! The standardization of the radio- 
iphic technic is too difficult to be a simple 
‘nical procedure. The physiologic variations 
size due to respirations within the individual 
‘eed variations of pathologic significance for 
Vv given stage of the respiratory cycle. As the 
erage child less than four years old will rarely 
ld the same degree of inspiration during 
‘ntgenologic exposure, this variation becomes 
tical. The majority of congenital cardiac ab- 
rmalities are associated with enlargement of 
chamber, which is not readily reflected in a 
igle diameter of the heart, particularly not 
e transverse diameter. A prime example is 
.e tetralogy of Fallot. 


CaRDIAC CONFIGURATION 


The shape of the heart is determined not 
only by its position, component chambers, and 
content, but by its own elastic resistance or 
muscle tone. 

Criteria for enlargement of a chamber in ac- 
quired heart disease are readily available in 
radiologic texts. This is not true in congenital 
‘ardiac disease. In congenital malformations of 
the heart, development may be so abnormal as 
to bear no resemblance to the normal adult 
four-chambered organ. At times, one may be 
dealing with only one ventricle. Examples of 
this are a congenitally single ventricle with 
truncus communis, and tricuspid atresia or se- 
vere tetralogy of Fallot, where the substance of 
the heart is predominantly one ventricle. In 
none of these is the enlarged ventricle super- 
imposed upon a normal heart or even a normal 
opposite ventricle. In the tricuspid atresias, 
the right ventricle is congenitally rudimentary 
or is completely absent, while in the extreme 
types of tetralogy of Fallot, the left ventricle 
may remain essentially infantile in develop- 
ment as a result of the diminished load. In 
both of these examples the substance of the 
heart may be so overwhelmingly one ventricle, 
without a fully developed opposite ventricle, 
that the ventricular configuration loses its 
roentgenographic distinguishing character- 
istics. Thus, the roentgenologic appearance of 
the heart with these lesions approaches a 
common form. In this case, there are no uni- 
versally applicable roentgenologic criteria of 
left and right ventricular enlargement. 

In clinical medicine, one sees a patient more 
often who has a congenital heart defect which 
altered the extrauterine load on the heart and, 
thereby, its normal development. Here again, 
the usually accepted roentgenographic criteria 
of selective chamber enlargement are not 
applicable. In contrast to acquired heart 
disease, where chamber enlargement alters a 
pre-existing pattern, the heart fails to develop 
the adult chamber relationship. 

The commonest stumbling block in evalua- 
tion of the heart shape in congenital heart 
disease is the recognition of right-sided en- 
largement. What part the right ventricle 
normally plays in forming the right border of 
the heart in the posteroanterior silhouette on 
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Fic. 1. Right ventricular hypertrophy with only slight chamber enlargement as seen in valvular 
pulmonic stenosis. Here the left ventricle is of normal size and is not displaced by the right ventricle, 
which is hypertrophied but only slightly enlarged by external dimension. a. Posteroanterior pro- 
jection. Note normal transverse diameter with a configuration not specifically abnormal. b. Right 
anterior oblique projection. There is a slight increase in anterior-posterior dimension. c. Left anterior 
oblique projection. The slight right ventricular enlargement is recognized by the slight increased 
convexity of the anterior border and slight upward displacement of the left ventricle, resulting in a 
poorly defined apex and an almost round shape. d. Left anterior oblique projection with contrast 
media in right side of heart showing how the right ventricle lies anteriorly and in contact with the 
diaphragm. Enlargement of this chamber will cause counter-clockwise rotation of the apex in this 
view. 


the roentgenogram has been a controversial chamber is now well understood but not wide y 
subject since the earliest writings on cardiac recognized. Ordinarily, the right ventric ‘e 
roentgenology. The effect of selective hyper- does not add appreciably to the transver se 
trophy and enlargement of the right ventricular diameter of the heart when it is only slight y 
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© moderately enlarged. However, it may alter 
e contour of the heart in the posteroanterior 
ew by elevating the left ventricle in a coun- 
rclockwise direction, thus raising the apex 
the heart and giving it a rounded appear- 
ice. As the increase in size of the right ven- 
icle is normally toward front and back, it 
ll be demonstrated optimally in the oblique 
‘ojections where the increase in horizontal 
|mensions becomes obvious in the right 
iterior oblique, and its alteration of the 
‘onfiguration is most striking in the left 
‘terior oblique, in that the apex is elevated 
id poorly defined, and the heart appears 
imost round (fig. 1). 
These changes take place in the presence of 
a normal left ventricle. If the hypertrophy of 
the right ventricle is associated with moderate 
enlargement but is unbalanced by a normal 
left ventricle, the classic ‘‘eoeur en sabot” 
shape results. Here, the left ventricle remains 
infantile or hypoplastic in development as 
the right is sharing a large part of the work 
necessary to sustain the systemic pressure. 
The small left ventricle is cocked up high as 


the right ventricle becomes the increasingly 
dominant chamber (fig. 2). 

If the right ventricular enlargement is bal- 
anced by a well-developed or enlarged left 
ventricle, the effect on the cardiac configura- 
tion is of the type more familiar in acquired 


heart disease, as seen in mitral insufficiency 
with stenosis. The left ventricle is not so 
readily displaced by the addition of an en- 
larged right. In this case, right ventricular 
enlargement is almost immediately reflected 
by increase in the maximum transverse diam- 
eter of the heart, including the right border, 
with some increased convexity on this side. 
The forward bulge of the anterior contour of 
the heart in both obliques, so commonly de- 
scribed in the literature, is recognized under 
these conditions only when the well-developed 
or thick left ventricle is no longer readily 
displaced posteriorly and upward. This type 
of right ventricular enlargement is seen in the 
high ventricular septal defect where pulmonary 
hypertension gradually may add right ven- 
tricular enlargement to an already heavy, 
hard working left ventricle, resulting in a 
balanced enlargement of the heart (fig. 3). 
Similar examples, for which there is no place 
here, may be given for each of the cardiac 
chambers. Thumb rules of chamber enlarge- 
ment of acquired heart disease are not gener- 
ally applicable in many developmental lesions, 
and, again, the part is evaluated in light of 
the whole. 

Localization of the interventricular notch 
or measurements of the left anterior oblique 
dimensions of the heart, based on an estimate 
of the position of the septum, as recently 


Fig. 2. Right ventricular enlargement as seen in a moderately severe tetralogy in which the right 


ventricle is the dominant chamber of the heart. 
verse diameter but a distinct elevation of the 


a. Posteroanterior projection showing normal trans- 
apex of the heart with an almost round right and 


lower border. b. Left anterior oblique projection with contrast material outlining the right side of the 
heart. c. Same projection with contrast material outlining the left ventricle. This heart illustrates 
how the enlarged right ventricle displaces a relatively small nonhypertrophied left ventricle upward 
in a counter-clockwise rotation. This results in the ‘‘coeur en sabot”’ configuration in the postero- 
anterior projection and a round heart in the left anterior oblique projection. 
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Fic. 3. Right ventricular enlargement superimposed on a mild left ventricular enlargement, as 
seen in a high ventricular septal defect (acyanotic stage). a. Posteroanterior projection. Note slight 
but definite increase in transverse diameter of the heart with increased convexity of the right bor- 
der, not of atrial origin. b. Left anterior oblique projection showing definite increase in maximum 
transverse dimension with mild anterior bulge toward sternum. Here the enlargement of the right 
ventricular chamber is similar to that seen in combined mitral stenosis and insufficiency. 


advocated,? have failed to increase accuracy 
in evaluating selective ventricular enlargements 
in the hands of the authors. 

Hypertrophy Versus Enlargement. Cardiac 
chamber enlargement means disease. Disease 
may, of course, exist without enlargement. The 
heart does not necessarily respond to an ab- 
normal load by enlargement in its external 
dimensions. The increased load may be met 
by hypertrophy of muscle fibers which in time 
may produce a thickened myocardium. This 
commonly takes place without increase in the 
external dimensions of the chamber. In fact, 
the internal dimensions of the chamber may 
be slightly diminished in the presence of in- 
creased ‘elastic resistance’? of the wall and 
increased output of the heart. The fact that 
there may be no change in heart size in the 
presence of long-standing increased load met 
by cardiac hypertrophy has recently been 
reemphasized by Kleinfield and Redish.* In 
their study, 18 of 45 patients with sustained 
or progressive essential hypertension showed 
no change in heart size by teleoroentgenogram 
for periods of 5 to 20 years! That this is also 
a common experience in aortic stenosis and 
coarctation of the aorta has not been as readily 
recognized. In pulmonic stenosis of mild to 
moderate degree, absence of significant right 
ventricular enlargement appears to be common 
(fig. 1). In general, if a ventricle is working 
against increased resistance or pressure, it 


would appear that hypertrophy, with litile 
change in size, is common. Increase in “flow 
work,” that is, an increase in the volume of 
blood handled by the chamber per unit of 
time, such as is seen in extracardiac shunts or 
septal defects, appears to be more commonly 
associated with chamber enlargement (prob- 
ably also with hypertrophy) early in_ life. 
These observations do not apply as well to the 
atriums which appear to be more distensible 
chambers. 


Carpiac BEAT 


Observation of the amplitude of excursion 
of the cardiac border, main pulmonary artery, 
and aortic arch during fluoroscopy yields in- 
formation on the state of the myocardium. A 
poor excursion of the cardiac border indicates 
either pericardial fluid or myocardial weakness, 
or both, and often preclinical failure may be 
recognized in this manner. Increased ampli- 
tude of pulsation of the pulmonary artery and 
aorta together indicates an extracardiac shunt, 
although a high septal defect with aortic ‘n- 
sufficiency may give the same. 

Interestingly enough, hypertrophy of te 
ventricle, as seen in hypertension, may  e 
associated with a diminished amplitude of 
pulsation. However, this should cause 10 
confusion, as in these instances there is re 4- 
tively little chamber enlargement. 

Actual thinning of the wall of a vessel m y 
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b> reflected by an increase in amplitude of 

» sation even in the presence of low pressure 
id diminished flow. This is true in localized 
iststenotic dilatation of the pulmonary 
tery. Though the cause remains obscure, the 
lated segment to which this increased ampli- 
de of pulsation is limited is observed to be 
inwalled at operation. 


PULMONARY VASCULATURE 


The authors are among those who have long 
‘nphasized the value of the pulmonary vascu- 
: ture, as seen on roentgenograms, as an aid in 

e diagnosis of congenital heart disease. Ex- 
‘cllent research on the relation of the pul- 
monary to the systemic circulations in con- 
genital heart disease‘ and the correlation of 
this with roentgenoscopic observations® has 
alded to and clarified what was previously 
clinical empiricism. 

A film on full inspiration will give the best 
definition of the size and course of the pul- 
monary vascular tree. Fluoroscopy will sup- 
plement this information by revealing the 
presence or degree of pulsation of the vessels. 


Judging vasculature simply by the fluoroscopic 
screen “brightness” is a hazardous substitute 
for detailed examination of individual vessels 
on the film. 


The normal vascular pattern observed on 
the roentgenogram is almost entirely the pul- 
monary arterial tree. The pulmonary veins, 
although adding density to the chest, normally 
are not recognized as a distinct pattern, prob- 
ally because they are only approximately 
he lf the size of the pulmonary arteries for any 
given distance from the hilum. In addition, 
the pulmonary veins do not emerge from single 

‘inks in the hilums, but emanate from the 

tally four pulmonary veins which lie behind 

‘ heart in the posteroanterior projection. 

Pulmonary Vascular Engorgement. An in- 

ase in size, or more specifically, in caliber, 

the normal arteries of the lung represents an 

‘rease in content of these vessels. This is 
’ secular engorgement, pulmonary hyperemia, 

the pleonaemic lungs of Campbell.’ This 
inge is not to be confused with those loosely 
med as “prominent markings,” a non- 
script term commonly used to denote in- 


creased radial density of the lung without 
specification as to whether it be intravascular 
or extravascular in origin. The increased caliber 
of vascular engorgement of the arteries is best 
recognized in the middle third of their course 
as they traverse the lung field, and not in 
the hilum. The increased volume of blood in 
the pulmonary arterial tree may be the result 
of increased amount of blood flowing through 
these vessels, an active vascular engorgement; 
or it may be relatively static; a passive vascular 
engorgement. 

Active or Passive Pulmonary Vascular En- 
gorgement: The differentiation of active from 
passive engorgement cannot be made by ex- 
amining individual vessels on the films. Sup- 
plementary information is necessary, which, 
however, often can be found on the films. 
Intrapulmonary congestion (extravascular fluid 
evidenced by an ill-defined increase in density 
of the bronchial or interstitial supporting 
tissues) suggests passive engorgement. Active 
expansile pulsation of the vessels at fluoroscopy 
is almost incontrovertible evidence that the 
engorgement is active and secondary to left-to- 
right shunt. 

The recognition of active vascular engorge- 
ment is, of course, the sine qua non for radio- 
logic evidence of left-to-right shunt. Without 
it, one may be at a loss as to whether the 
chamber enlargement is based on a stenotic 
lesion or an arteriopulmonary shunt. This is 
often the radiologist’s dilemma in trying to 
recognize small shunts. In general, if chamber 
enlargement is unequivocally recognized, it 
may not be attributable to a left-to-right shunt 
unless active vascular engorgement is demon- 
strable, such is the parallelism in these lesions. 
Prominence of the main pulmonary artery is 
an exceedingly poor index of increased pul- 
monary blood flow, and it should not be 
attributed to this unless the increased flow is 
reflected by active pulmonary vascular en- 
gorgement in the lung. 

Diminished Pulmonary Vasculature. Diminu- 
tion in the caliber of the intrapulmonary 
vessels, as recognized on the roentgenogram, is 
indicative of diminished content in the vessels 
and is practically pathognomonic of diminished 
pulmonary blood flow. This is seen most 
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commonly in pulmonic stenosis of moderate 
or marked degree, with or without associated 
lesions of overriding aorta, atrial septal de- 
fect, and so forth. Diminished blood flow 
through the lung also occurs in_ tricuspid 
atresia or stenosis, Ebstein’s disease, and 
anomalous insertion of a vena cava into the 
left atrium. By catheterization, we are recog- 
nizing an increasing number of cases of primary 
pulmonary hypertension of undetermined cause 
in which the obstructive phenomena appear 
to take place in the periphery of the pulmonary 
arterial tree (perhaps the congenitally high 
“elasticity Deuchar and 
Knebel).4 This group of patients also appears 
to have roentgenographic evidence of dimin- 
ished pulmonary blood flow, at times making 
the x-ray differentiation between this condition 
and pulmonic stenosis exceedingly difficult. 
Expansile Pulsation of Pulmonary Vessels. 
This is an actual increase in the dimensions 
or transverse diameter of the vascular shadow 
observed during systole at fluoroscopy. It is to 
be distinguished from the mere rhythmic 
movement of the vessel, secondary to respira- 


resistance” of 


tory activity, or transmission of pulsation by 
proximity to the heart or great vessels. 
Normally, expansile pulsation may be seen 
in the main pulmonary artery and its primary 
divisions. Slight expansile pulsation of the 
secondary and, rarely, tertiary branches in 
the hilar shadow or lung root may be observed 
in hyperthyroidism, a hyperactive heart of 
excitement, or anemia. Technically, this is 
observed best while the patient is holding his 
breath, with the screen coned down to a square 
four to 5 em. over the right hilum. This elimi- 
nates the transmitted pulsation due to the 
proximity of the main pulmonary artery so 
commonly seen in the left hilum. Individual 
vascular shadows should be fixed in the field of 
vision, preferably a vessel on end. If expansile 
pulsation is picked up in the right hilum, it 
should be followed out peripherally, and if it 
can be observed distal to the secondary and 
tertiary divisions of the hilum as one ap- 
proaches the mid-lung fields, it can usually be 
considered abnormal. Almost invariably it 
means increased pulmonary blood flow.’ The 
expansile pulsation is most commonly observed 


in atrial septal defects, high or large ventricul: 
septal defects, and truncus communis. It is le:s 
commonly observed in patent ductus arteriosu ; 
and is characteristically lost in the older a; 
group if and when pulmonary hypertensic 
intervenes. The mechanism involved in tl 
production of increased amplitude of puls 
tion of the main pulmonary artery and e 
pansile pulsation of the pulmonary vascul; r 
tree has recently been investigated.® 
ividence suggests that increased pulmona \ 
flow is the dominant factor in production 
the vascular prominence, and that it is also 
factor in expansile pulsation. The stroke ou 
put of the right ventricle is probably mo: 
important in the latter. The increase in the 
pulmonary vascular expansile pulsation of tl 
atrial septal defect and ventricular septa 
defect over the patent ductus arteriosus is 
explained by the fact that, in the former, 
cardiac output is forced into the arteries 
suddenly during systole, instead of more grad- 
ually during systole and diastole, as in patent 
ductus arteriosus. Pulmonary pressure prob- 
ably plays a less significant role than flow in 
producing these pulmonary vascular changes. 

“Hilar Dance” and “‘Hilar Sling’’. Campbell’ 
pointed out that the “dance of the hilum” as 
originally described in 1925 was presented as 
being pathognomonic of pulmonary regurgita- 
tion, although review of the case notes today 
suggests that the patient had an atrial septal 
defect. Up to this point, we have avoided 
using this highly descriptive term because of 
the variable interpretations placed upon it 
throughout the literature.6 Many use it syn- 
onymously with any hyperactive beat or 
pulsatile main or primary division of the 
pulmonary arteries. When used in this sense, 
it does not necessarily imply the presence of 
increased pulmonary blood flow or shunt. When 
used subsequently, it will mean an intrinsic 
vascular expansile pulsation observed lateral 
to the right hilar shadow. 

Collateral Pulmonary Circulation. In mai\ 
patients with deficient pulmonary blood flo - 
a collateral circulation develops through t 
bronchial arteries which is recognizable 
roentgenograms of the chest. The diagnos 
clue lies in the alteration of the vascular p: 
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ten. The bronchial arteries pursue a con- 
si erably more tortuous course, lacking the 
li ear radial distribution of the pulmonary 
ai eries, and they fail to emanate from a cen- 
tr 1 point in the hila (fig. 4 and 5). This 
aj pearance has recently been well described.® 
[t takes at least two to three years for this 
p. ture to develop, but it is common in pa- 
ti nts having tetralogy of Fallot and in some 
h: ving tricuspid atresia, particularly if they 
aie doing well. It has never been observed in 
uncomplicated pulmonic stenosis. 


CLASSIFICATION oF CONGENITAL 
Heart ANOMALIES 


A practical clinical working classification of 
congenital heart anomalies cannot rest on a 
single yardstick or diagnostic instrument. A 
straight physiologic classification suffers the 
disadvantage of grouping diverse anatomic 
lesions under a single physiologic group. A 
completely anatomic classification lends itself 
only to adequate application at the post- 
mortem table. A roentgenologic classification 
suffers the severe handicap of using predomi- 
nantly anatomic criteria in a technic which 
falls far short in its revelations of gross anat- 
omy. The radiologist is likely to overemphasize, 
in his necessarily simple classification, certain 
roentgenographically conspicuous anatomic 
features, particularly prominence of the pul- 
monary artery, just as the pathologist for years 
trivialized the physiologically important pul- 
monie stenoses and hypertension, simply 
because the structures appeared grossly nor- 

«|, and he failed to appreciate the physiologic 

jlications. Any classification, if it is to be 

pful, must contain clinical, physiologic, and 

1 itomic data. It is a relatively simple matter 

classify the majority of cardiac abnormali- 

into similar physiologic groups. This can 
done in approximately 85 per cent of the 
liac malformations in patients more than 
ears of age, using routine diagnostic meth- 

In the remaining patients it may be 

‘essary to call upon the more complicated 

hnies of angiocardiography and _ cardio- 

scular catheterization. A recent “correlation 
the physiologic and clinical findings of the 
re common congenital malformations of 


Fra. 4. Injection of the right pulmonary bronchial 
collateral channels and the left pulmonary arterial 
tree with radiopaque material for contrast to il- 
lustrate the difference in topography between the 
bronchial arterial tree (b) and the pulmonary arterial 
tree (p). 


Fic. 5. “Split” film showing the pulmonary vas- 
cular pattern made up of predominantly bronchial 
collateral circulation secondary to tetralogy of Fallot: 
right lung. Pulmonary arterial vascular pattern of a 
normal left lung. In the right lung the uniformity of 
saliber, and tortuosity of the vessels are seen, with 
failure of emanation from a central point in the 
hilum. In the left lung field a radial emanation from 
the left main pulmonary artery with gradual tapering 
vessels and arborization may be seen. 


the heart” has been published by Bing and 
his associates.’ A major division of the cardiac 
malformations usually is made on a clinically 
recognizable physiologic feature: The pres- 
ence, absence, or late appearance of cyanosis 
(table 1). 

Malformations of the acyanotic type are 
subdivided into those presenting evidence of 
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TABLE 1. 
CLASSIFICATION 


COARCTATION OF AORTA 
AORTIC & SUBAORTIC STENOSIS 
PULMONIC STENOSIS 


f INTRACARDIAC 


INTERAURICULAR SEPTAL DEFECT 


INTERVENTRICULAR SEPTAL DEFECT 
SMALL OR"MALADIE ve ROGEH TYPE 


HIGH OR LARGE 
EXTRACARDIAC 
PATENT DUCTUS ARTERIOSUS 
AORTIC PULMONIC DEFECT 
(ARTERIOVENOUS ANEURYSM) 


Co rreererereeeinsenenreSSRE 


ANOMALOUS PULMONARY VENOUS RETURN 


SECONDARY TO PULMONARY HYPERTENSION ASSOCIATED 
WITH ONE OF THE ABOVE SIMPLE DEFECTS 
INTERAURICULAR SEPTAL DEFECT 
INTERVENTRICULAR SEPTAL DEFECT - HIGH OR LARGE 
ie EISENMENGER'S COMPLEX 
(PATENT DUCTUS) 
(AORTIC PULMONIC DEFECT) 
SECONDARY TO MULTIPLE DEFECTS 
TETRALOGY OF FALLOT 
TRICUSPID ATRESIA 
PULMONIC STENOSIS WITH ASD. OR FORAMEN OVALE 
PULMONIC STENOSIS WITH TRANSPOSITIONS 
EBSTEIN'S DEFORMITY WITH ASO. 
MAJOR MALFORMATIONS RESULTING 


IN ADMIXTURE OF PULMONARY VENOUS 
& SYSTEMIC ARTERIAL BLOOD 


TRUNCUS COMMUNIS 
COMPLETE TRANSPOSITION 


SINGLE VENTRICLE, BILOCULAR HEARTS AND 
MISCELLANEOUS RARE LESIONS 


ANOMALOUS SYSTEMIC VENOUS RETURN 


STENOTIC 
LE iN 


ACY ANOTIC 


LEFT TO RIGHT SHUNTS 


RIGHT TO LEFT SHUNTS 


CYANOTIC 


congenital stenosis as opposed to those pre- 
senting evidence of a defect between the pul- 
monary and systemic circulation permitting 
an abnormal shunting of blood from left to 
right. 

If cardiac cyanosis is present, one may 
assume a flow defect beiween the pulmonary 
and systemic circulations in the opposite 
direction; namely, a right-to-left shunt. 

If cyanosis is inconstant or has appeared 
later in life (usually fourth to sixth year) it is 
reasonable to assume, in the case of a con- 
genital cardiac malformation, that a left-to- 
right shunt has reversed itself, with blood now 
flowing in the opposite direction, from right 
to left. This reversal is usually associated with 
pulmonary hypertension (table 2). 


Acyanotic Group 


Coarction of the Aorta. Usually, the diagnosis 
of coarctation of the aorta is readily estab- 
lished by clinical and roentgenologic examina- 
tion. In the barium-filled esophagus, the site 
of the coarctation is often indicated by an 
indentation in the esophagus on the left, just 
below the level of the aortic arch. This in- 
dentation usually indicates a poststenotic 
dilatation of the aorta; multiple indentations 


TABLE 2.—Lesions Which Shift From the Acyano ic 
to the Cyanotic Group 


ACYANOTIC 
SHUNTS (LEFT TO RIGHT) 


CYANOTIC 
SHUNTS (RIGHT TO LEFT) 


INTRAC ARDIAC 


INTER AURICUL AR w INTER AURICULAR 
SEPTAL DEFECT > SEPTAL DEFECT 


INTRACARDIAC 


INTER VENTRICULAR 
SEPTAL DEFECT 
(MALADIE ce ROGER) 


HIGH OR LARGE 
INTERVENTRICULAR 
SEPTAL DEFECT 


HIGH OR LARGE 


See aaa INTERVENTRICULAR’ 
SEPTAL DEFECT 


<mrp2oqozrcv «rt 





EXTRACARDIAC 


amuou<xrzt 


PATENT DUCTUS 


ARTERIOSUS MEE, SE PATENT DUCTUS ARTERIOSUS 


E 


AORTIC PULMONIC 2 
DEFECT GE © AORTIC PULMONIC DEFECT 
I 


oO 
N 


Left-to-right shunts, whether intracardiac or 
extracardiaec may be theoretically reversed if the 
pressure in the pulmonary arterial system reaches or 
exceeds that of the systemic system. With this shift, 
the load on the heart is altered, the configuration 
reflects the altered load by x-ray, and cyanosis is 
usually recognized clinically. The table illustrates the 
lesions in which this mechanism of cyanosis has been 
observed; the thickness of the arrows indicates the 
frequency with which this shift from the one group 
to the other occurs. It becomes obvious that in this 
shift, the heart in each instance assumes a more 
balanced enlargement and loses its more distinctive 
selective features. Once the hearts have shifted to the 
right, they assume a uniform appearance and become 
essentially indistinguishable from one another. 
(See text under Eisenmenger’s Complex.) 


or ring shadows of calcium in this area usually 
indicate intercostal aneurysms. Both of these 
significant complications of coarctation may 
now be dealt with surgically in the majority of 
cases by replacement of the coarcted segmeiit 
by grafts.*: 1° 

Abnormal pulsation of the left ventricle n 
the presence of coarctation usually sugges s 
aortic insufficiency which is commonly tle 
result of bicuspid valves. 

Shallow bilateral notching of the low : 
margins of the ribs was formerly considered 2 
pathognomonic sign of collateral circulatic 
around an intrathoracic coarctation of tle 
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ta. Neurofibromatosis with multiple nodu- 
-r lesions of the intercostal nerves, collateral 
‘vculation from bronchial vessels in tetralogy 
Fallot, and, most recently, vascular notch- 
ig produted by dilated tortuous intercostal 
‘ins resulting from collateral circulation of a 
ngstanding obstruction of the superior vena 
‘va, have been recognized as producing a 
nilar appearance." The actual visualization 
the tortuous internal mammary arteries 
projecting from below the sternum into the 
ng fields on the plain lateral or oblique films 
is helpful evidence of collateral circulation.” 
Coarctation as a cause of infantile cardiac 
vulure has been increasingly recognized at this 
linic. Death during infancy, as a result of 
cardiac failure secondary to coarctation, is not 
an unfamiliar picture to the pathologist. Un- 
fortunately, the clinician and radiologist have 
not been so aware of this occurrence. They 
usually see the child after myocardial failure 
has set in, and the clinical picture is one of 
cardiac decompensation and myocardial strain. 
Perhaps too often the findings are attributed 
to primary myocardial disease, as careful com- 
parative blood pressure studies between the 
upper and lower extremities are not commonly 
done in this age group. Radiologic examination 
is of little help in this problem except that the 
examiner should constantly be suspicious of a 
possible coarctation when seeing an infant in 
cardiac failure without evidence of a large 
left-to-right shunt, cyanosis, or major mal- 
formation at the base of the heart. 
lhe stark pessimism felt by clinicians in the 
ust regarding the infant in cardiac failure 
e-ondary to coarctation of the aorta is prob- 
y not justified in light of recent experi- 
‘es in which 10 or 12 of these infants in 
ure have been carried through the period of 
ustment to the coarctation during the 
id infantile growth by strictly medical 
asures. Thus, they have been carried on to 
‘ age at which surgical correction may be 
‘ried out. 
lortic and Subaortic Stenosis. Congenital 
‘tic and subaortic stenosis is not a roent- 
\ologic diagnosis, and is more often missed 
in recognized by x-ray examination. Char- 
eristic is isolated left ventricular hyper- 


trophy identical to that seen in hypertension, 
aortic insufficiency, or coarctation of the aorta. 
In congenital aortic stenosis this is often 
recognized only late in life when hypertrophy 
is accompanied by considerable enlargement. 
Campbell recently emphasized that the de- 
layed appearance of symptoms and _ signs 
accounts for many cases not being recognized 
until middle life. The congenital nature of the 
lesion is thus perhaps not suspected as often 
as it should be. Acquired myocardial fibrosis 
and valvular calcification add to the difficulty 
in the differential diagnosis of this lesion from 
acquired aortic valvular disease of rheumatic 
origin in older individuals. A roenigenologic 
clue to the diagnosis of these conditions may 
be found in the great vessels. The aorta is 
commonly dilated; apparently this is post- 
stenotic dilatation with widening of the arch 
and increased caliber of the ascending aorta. 
In a rarer form, the aorta presents diffuse 
hypoplasia in that it is unusually small in 
caliber throughout. 

Pulmonic Stenosis. This condition is char- 
acterized by congenital narrowing of the tract 
through which the blood flows from the right 
ventricle to the lungs. The resulting degree of 
obstruction is variable. It may be exceedingly 
mild or severe. The roentgenologic and clinical 
appearance parallels this same scale of sever- 
ity, yet the correlation is not 100 per cent. The 
stenosis may be of such mild degree as to 
produce no recognizable structural changes. 
If changes exist, the one constant finding is 
right ventricular enlargement. If the intra- 
pulmonary blood flow is considerably reduced 
as a result of the stenosis, the pulmonary 
markings throughout the lungs will be dimin- 
ished in caliber on the x-ray films. In most 
moderate and severe pulmonic stenoses the 
right atrium is also slightly enlarged. In pa- 
tients with pulmonic stenosis of sufficient 
severity to give rise to symptoms, the pul- 
monary vasculature is always diminished, and 
in about half of those without symptoms the 
vasculature can also be 
diminished. 


recognized as 


Recently, much emphasis has been placed 
on the actual location of the narrowing in the 
right ventricular outflow tract. The narrowing 
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may be in the infundibulum (as a generalized 
narrowed tract or small annulus), in the valve 
ring, in the pulmonary valve leaflets, in the 
pulmonary artery itself, or in a combination 
of these. 

Valvular Stenosis With Poststenotic Dilata- 
tion: In uncomplicated (‘‘pure’’) pulmonic 
valvular stenosis there is usually an associated 
poststenotic dilatation of the main pulmonary 
artery which may extend into the left and 
right branches for a short distance, but is 
poorly visualized on the right because of its 
deep retroaortic and prespinal location. This 
poststenotic dilatation is recognizable roent- 
genologically as a prominent convexity of the 
middle cardiac segment, along the left border 
of the cardiac silhouette below the aortic knob 
and above the left ventricle. 

Fluoroscopically, one may observe a frank 
expansile or exaggerated systolic pulsation of 
this prominent pulmonary artery segment; 
however, the expansile pulsation is limited 
only to the main pulmonary artery segment. 
There is never an expansile pulmonary pulsa- 
tion involving the secondary, tertiary, or 
smaller vessels. This prominent pulsation of 
the pulmonary artery probably represents the 
‘pulmonary artery aneurysms” of the early 
radiologic literature. Recently, two patients 
with gross “idiopathic dilatation” of the pul- 
monary artery have been described who had 
normal pulmonary arterial and right ventricu- 
lar pressures, but had pulmonic incompetence." 

Valvular Stenosis Without Poststenotic 
Dilatation: That uncomplicated valvular steno- 
sis can exist without poststenotic dilatation is 
now well established.":'* Patients with this 
condition present a normal-appearing pul- 
monary artery segment. 

Infundibular Stenosis Without Poststenotic 
Dilatation: Uncomplicated (‘‘pure’’) infundib- 
ular stenosis with normal valves is rare. Iso- 
lated examples have been reported.'*: !6 17, 18 
In most of these, the pulmonary artery may be 
recognized, but it is usually small. In the 
narrowed or annular type of infundibular 
stenosis, a poststenotic dilatation of the distal 
infundibulum may at times be seen, represent- 
ing almost a separate infundibular chamber. 
This is one of the rare examples where one 


recognizes enlargement of the pulmonary 
conus. It presents itself roentgenoscopicall y 
as a prominence or bulge of the cardiac contot r 
just below the origin of the pulmonary arter ; 
and is best seen in a mild right anterior obliqu2 
projection. It lies considerably anterior to th 
prominence, often seen at the same leve , 
produced by the left atrium. 

Angiocardiography in Pulmonic Stenosi: : 
Angiocardiography adds little of value i, 
differentiating infundibular and valvular pu - 
monic stenosis, except when carried out as i 
Sweden by direct intracardiac injection an | 
rapid serialographic roentgenography (10 
12 films per second).!%: °: 2! 

Septal Defects. Interauricular Septal Defec: : 
Exceedingly small defects, although they ma _- 
give rise to significant murmurs, may produc? 
no change in the appearance of the heart. 
the shunt is of sufficient magnitude to produc: 
roentgenographic changes, right ventricular 
enlargement will always be recognized. Larger 
shunts will sooner or later be reflected by in- 
creased prominence of the pulmonary vascular 
markings, and there may be prominence of the 
atria, especially the right. There is usually 
an increased amplitude of excursion of both 
the right and left ventricular walls and com- 
monly an expansile pulsation of the intra- 
pulmonary vessels. If roentgenographic changes 
are present, the electrocardiogram should 
show incomplete right bundle branch block. 

Actual demonstration of the atrial defect 
by angiocardiography, using an extremely 
rapid injection technic and_ simultaneously 
recording an electrocardiogram with roent- 
genologic exposures of 10 to 12 films per 
second, has recently been reported.!® These 
studies suggest that the foramen ovale nor- 
mally closes between birth and the sixth day 
of life, that its delayed closure may play a 
role in “asphyxia neonatorum,” and that the 
congenital auricular defect varies in size during 
the cardiac cycle, being smallest at the heigl! t 
of auricular systole. 

Lutembacher’s syndrome, the coexistence : f 
an atrial septal defect and mitral stenosis, ') 
the few confirmed cases, does not differ roen - 
genographically from a large atrial sept | 
defect, as the effects of each lesion are simil r 
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aid additive. Actually, it has been shown 
‘cently that this combination of lesions is 
cceedingly rare, and the association of a 
‘ nitral-like”’ diastolic murmur with congenital 
sions is‘common in the absence of mitral 
isease.” In our experience, many of the cases 
iagnosed clinically as Lutembacher’s syn- 
rome turn out, on further investigation, to be 
isenmenger’s complex. 
Interventricular Septal Defect (Maladie 
e Roger): This section includes only the small 
or low interventricular defects traditionally 
known as maladie de Roger. Physiologically, 
they behave quite differently from the larger 
or high defects to be discussed later. These 
defects are commonly responsible for a loud 
murmur with no recognizable roentgenologic 
changes. Although this defect throws an ab- 
normal load on both ventricles, the roent- 
genologic evidence of the lesion is first recog- 
nized as right ventricular enlargement. Both 
ventricles usually hypertrophy. However, the 
right ventricle is probably more distensible, 
and enlarges first. The left ventricle hyper- 
trophies to a considerable degree before there 
is roentgenologic evidence of enlargement. As 
the hypertrophy of both ventricles may be 
such as not to disturb the relationship of the 
left to the right, the dominance of the left 
over the right may be similar to the normal on 
the electrocardiogram. Thus, in patients with 
this lesion, it is not uncommon to see promi- 
nence of the right ventricle on the roentgeno- 
gram and dominance of the left ventricle on 
e electrocardiogram. The lungs may reflect 
e increased blood flow by engorgement of 
e vessels, and “hilar dance”? may be present, 
t is not common. If pulmonary vascular en- 
rgement is present, the left atrium will 
‘fleet this increased blood flow by slight 
ominence. 
Persistent Patent Ductus Arteriosus. Here 
ain, as in the interventricular septal defects, 
e small shunts usually behave physiologically 
ferently from the large shunts. The classic 
diologie picture with five roentgenologic 
iteria has been well described* as: left 
‘ontricular enlargement, prominence of the 
ain pulmonary artery, left atrial promi- 
‘nce, pulmonary vascular engorgement (often 


with expansile pulsations) and a ‘“‘hyperactive 
beat” along the entire left border of the heart 
with the pulmonary artery and aorta sharing 
in the hyperactivity. Any one or a combina- 
tion of these changes may be present, but the 
experienced examiner will recognize in this 
pattern a parallelism of the size of the left 
ventricle, the degree of pulmonary vascular 
engorgement, and the prominence of the left 
atrium. 

The characteristic machinery murmur with 
an essentially normal heart and the hemo- 
dynamic pattern just described was formerly 
accepted as the sine qua non of the diagnosis 
of persistent patency of the ductus arteriosus. 
An increasing number of patients in recent 
years have been found to have a patent ductus 
either without a machinery murmur, or pre- 
senting no murmur or one limited to systole. 
The risk of error in diagnosis in these cases has 
recently been emphasized.?‘-?° In our experi- 
ence, patients lacking the classic murmur or 
the previously described x-ray appearance fall 
into two distinct categories: (1) patent ductus 
arteriosus with myocardial failure, and (2) 
patent ductus arteriosus with pulmonary 
hypertension. The patent ductus arteriosus in 
failure looks like any other heart in failure. 
There is generalized enlargement and _pul- 
monary engorgement of a passive type, often 
associated with congestion. It is obvious that, 
as a result, it loses its radiologic distinctive 
features. In the exceedingly large patent 
ductus, with or without pulmonary hyper- 
tension, failure is not a rarity in infants, and 
we can add the patent ductus to the previously 
discussed coarctation and primary myocardial 
disease, as a diagnosis which must be enter- 
tained when an infant with acyanotic heart 
disease is presented in failure with a large 
heart, pulmonary engorgement, and congestion. 

Patent Ductus Arteriosus With Pulmonary 
Hypertension: If pulmonary hypertension is 
associated with patent ductus arteriosus, the 
additional load on the right side of the heart 
will be reflected by right ventricular hyper- 
trophy and often enlargement. If this is 
superimposed on the previously described 
characteristic changes of a patent ductus, the 
resulting cardiac configuration is one of a 
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Fic. 6. Retrograde aortogram in the left anterior oblique position, demonstrating the contrast 
material injected in the left carotid artery passing down the aorta and simultaneously through a 
large ductus (arrow) into the pulmonary artery. The retrograde aortogram has specific application in 
the identification of the atypical patent ductus (as illustrated in this patient with no cardiac murmur) 
and in the differential diagnosis of the high, large ventricular septal defect, patent ductus arteriosus, 


and the aortic pulmonic defect (fig. 7). 


balanced load with both right and left ven- 
tricular enlargement, a prominent pulmonary 
artery, pulmonary vascular engorgement, left 
atrial prominence, and often a hilar dance. 

These variations in appearance of the ductus 
are often referred to as the ‘“‘atypical patent 
ductus.” Actually, we believe that the situa- 
tion would be much clarified if these were 
thought of strictly in terms of complications 
of the ductus. Instead of referring to them as 
“atypical,” they could be thought of as pa- 
tent ductus complicated by cardiac failure or 
patent ductus complicated by or associated 
with pulmonary hypertension. These compli- 
cations are expressed by an additional char- 
acter in the configuration of the heart. 

Thus, it becomes obvious that the patent 
ductus with either of these complications 
loses its distinctive features and is no longer 
readily recognizable by everyday diagnostic 


technics. It is here that retrograde aortography 
becomes a definitive procedure.” *' In fact, 
this procedure is definitely indicated for any 


acyanotic patient with nondescriptive mur 
murs in whom a patent ductus cannot be 
excluded with certainty, clinically, and who 
shows active pulmonary vascular engorgement 
for the more or less balanced right and left 
ventricular enlargement and a wide systemic 
pulse pressure. Only by this means can this 
important correctible lesion be 
finally diagnosed (fig. 6). In the presence of 


surgically 


patent ductus arteriosus, the aortogram shows 
prompt opacification of the pulmonary artery, 
the injected dye passing directly from the 
aorta to the pulmonary artery, as a result of a 
left-to-right shunt through the ductus (fig. ©). 
Aortic Pulmonic Defect or Aortic Pulmoni 
Fenestration. This congenital malformation 
characterized by fenestration between t! 
ascending aorta and the main pulmona 
artery, anatomically similar and only slight y 
removed from the location of the patent duct 
arteriosus. In consequence, it places an iden‘ 
cal hemodynamic load on the heart, resultii 
in a 


roentgenographie and _ roentgenosco] 
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ppearance which may be identical with that 
f the patent ductus arteriosus. If the ductus- 
ke murmur is slightly lower and to the right 
ff its usual position, this diagnosis must be 
‘ntertainéd .%: #2, 33 

High or Large Interventricular Septal Defect. 
This intracardiac congenital defect resulting 
n a left-to-right shunt was not taken up with 
he “maladie de Roger’ with which it is 
inatomically akin, but is discussed together 
vith the patent ductus and the aortic pulmonic 
defect because it gives an identical hemody- 
1amic disturbance and places the same type 
of load on the heart as the patent ductus and 
he aortic pulmonic defect. 

The explanation is somewhat complex, but 
it may be simplified by pointing out that the 
intracardiac dynamics are such that the blood 
is shunted directly through the defect during 
systole from the outflow track of the left 
ventricle into the conus of the infundibulum 
of the right ventricle, and on to the main 
pulmonary artery. Thus, its physiology is 
similar to that of aortic fenestration in which 
the blood is directed in a left-to-right shunt 
from the base of the ascending aorta into the 
hase of the pulmonary artery, or even to the 
patent ductus where the blood is shunted 
from the descending aorta directly into the 
pulmonary artery.** The left half of figure 7 
illustrates schematically the slight anatomic 
differences of these three lesions and their 
physiologic similarity. Here again is a definite 
indication for the retrograde aortogram. The 

ifferential diagnosis in these anatomically 
s ightly dissimilar and physiologically similar 
| sions can often be made only by retrograde 
sortie injection (fig. 6). 


“he Shift from Acyanotic to Cyanotic Group 


Pulmonary Hypertension. Pulmonary arte- 
‘al hypertension as the result of increased 
monary resistance may occur alone with- 
it cardiac lesions, or be associated with, or 
‘ondary to, congenital heart disease.*® 
Primary pulmonary hypertension is not 
ecessarily associated with a cardiac murmur, 
ut it is reflected in the heart by right ven- 
‘icular enlargement, prominence of the main 
ulmonary artery, and, eventually, diminution 


in the caliber of the peripheral pulmonary 
vessels. The appearance is similar to that of 
cor pulmonale in the adult. 

The clinical aspects and the role of pul- 
monary hypertension in congenital heart 
disease have been well evaluated recently by 
Nadas.* Without entering the controversy of 
the mechanism involved in the pulmonary 
bed, resulting in increased pulmonary resist- 
ance and pulmonary hypertension, it can be 
said that there is evidence that prolonged 
pulmonary hypertension causes secondary 
changes in the vascular bed, which in turn 
may cause a progressive rise in pulmonary 
arterial pressure as well as an irreversible 
resistance.” 6 37 Qn the other hand, it is 
believed that under certain conditions the 
pulmonary vascular bed may retain its fetal 
characteristics.*: *° Be that as it may, it can 
be said empirically that equalization of pres- 
sures between the systemic and pulmonic 
circulation is found in certain types of mal- 
formations and apparently under certain cir- 
cumstances. In our experience, pulmonary 
hypertension of sufficient degree to cause a 
significant change in the cardiac silhouette is 
found in two general circumstances: in large 
interventricular septal defects or in large 
extracardiac shunts (patent ductus arteriosus, 
aortic-pulmonic defect). In the latter equaliza- 
tion of pressures between the pulmonary and 
systemic circulations takes place promptly in 
infancy. It could be speculated that this is pos- 
sibly a reflex action of the complex neurocircu- 
latory system which is made to sustain the 
systemic pressure and which is necessary to 
sustain life. It should be obvious that if the 
size of the defect shunting blood in the septum 
or aorta into the pulmonary artery approaches 
the caliber of the aorta itself in size, pulmonary 
pressure must rise to, or approach, systemic 
pressure in order to get enough blood through 
the systemic circulation to sustain life. If this 
did not take place, the child would, in effect, 
bleed to death through the hole in the side of 
the aorta into the pulmonary capillary bed 
(figs. 6 and 7). 

Clinical empiricism also dictates that in 
certain congenital malformations of the heart, 
equalization of the pressures between the 
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systemic and pulmonic circulation takes place, 
or progresses slowly, considerably after in- 
fancy. These have been customarily thought of 
as an acquired secondary type of progressive 
pulmonary hypertension. It is in this group 
that the pathologic mechanism is still contro- 
versial. Be that as it may, clinical observation 
of the patients and the heart, recently docu- 
mented by catheterization studies, indicate a 
gradual progressive increase in pulmonary 
pressures with resulting reversal of the shunt 
and onset of cyanosis. This picture occurs 
classically in the high or large ventricular 
septal defects, but the same mechanism and the 
same sequence of events may take place in 
other intracardiac and extracardiac left-to- 
right shunts (table 2). Thus, we make the 
transition from the acyanotic to the cyanotic 
group. 

Interventricular Septal Defect With Pul- 
monary Hypertension (Eisenmenger’s Complex). 
Anatomically, this malformation is character- 
ized by high interventricular septal defect or 
large interventricular septal defect with a 
functionally overriding aorta and a potential 
left-to-right or right-to-left shunt, depending on 
the pulmonary vascular resistance. As a result, 
if the defect is huge, vascular pulmonary 
hypertension must take place promptly in 
order to sustain life, and the result is the in- 
fantile picture just described. If the defect is 
relatively small, there may be a left-to-right 
shunt in early life with increased blood flow 
through the pulmonary circulation. The re- 
sulting picture is identical to that previously 
described for patent ductus arteriosus. Later 
in life, if pulmonary hypertension supervenes 
or progresses, as often occurs between the 
ages of 6 to 12 years, there may be a reversal 
of the shunt from right to left, with the gradual 
onset of cyanosis. However, the group of 
vardiac malformations in which cyanosis 


appears relatively late in childhood is not mad : 
up entirely of the high ventricular septal de. 
fects (table 2). This equalization of the loa 
on the right and left sides of the heart in th 
interventricular septal defect, patent ductu 
arteriosus, and aortic-pulmonic defect result 
in a picture which is roentgenographically 
and at times clinically, identical, so that it i 
difficult to determine what the original lesion 
was. In fact, let us recognize that the physic 
logic changes in this group are the same; th 
anatomic site of the shunt is only slight}: 
different. The development of this appearance 
as a result of pulmonary hypertension in an 
intracardiac or extracardiac left-to-right shunt 
with resulting reversal of the shunt and de 
velopment of cyanosis, has loosely been calle: 
the ‘‘Eisenmenger physiology.” This, of course 
is based on a marked similarity in appearance: 


and behavior. Because of the nonspecificit, 


of the appearance, we would much prefer to 
indicate the change by that factor which is 
most important in bringing it about; namely, 
pulmonary hypertension. One might designate 
the condition, if the anatomic diagnosis is not 
known, as “cardiac enlargement secondary to 
left-to-right shunt, with pulmonary hyper- 
tension.”’ The term ‘‘Kisenmenger’s complex” 
could be dropped entirely, and in the acyanotic 
stage the lesion could be specified as ‘high 
ventricular septal defect with left-to-right 
shunt.’”’ When the peripheral blood in these 
cases becomes somewhat unsaturated, it 
might be specified as “thigh ventricular septal 
defect with pulmonary hypertension and right- 
to-left shunt.’”? Such reversal of flow, long 
familiar in the high septal defects, has become 
recognized with increasing frequency in other 
lesions, especially in the patent ductus. #: * 
That recognition of this physiologic change is 
exceedingly important is testified to by the 
fact that once pulmonary hypertension ha: 


Fic. 7. Diagram illustrating the slight anatomical differences resulting in a very similar physiol- 
ogy of the high ventricular septal defect, the patent ductus arteriosus, and aortic pulmonic defect 
(a, b & c). Due to the similarity of the load on the heart, the x-ray appearance may be identical for 
the three lesions (d). With the complication of increased pulmonary resistance and resulting pul- 
monary hypertension, the physiology is grossly altered, the shunt reversing to a right-to-left, (ai, b; 
& c;) and this altered load is reflected by the balanced right and left ventricular enlargement, large 
pulmonary arteries and hilar shadows persist but the mid and peripheral lung fields show relative 
diminution in caliber (so-called Eisenmenger configuration d;). 
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set in, and particularly if it has been long 
standing, it may become irreversible. In this 
case, surgical closure of the patent ductus is 
an extremely hazardous procedure, and, in 
fact, of questionable therapeutic benefit. 


Cyanotic Group 


If we considered all the possible malforma- 
tions causing cyanosis in the neonatal period 
in this discussion, we would be preoccupied 
with innumerable and sometimes monstrous 
curiosities of the obstetrical nursery and post- 
mortem room. In considering only those mal- 
formations which permit survival for 18 to 24 
months or more, we find that the majority, 
perhaps 60 to 70 per cent, are made up of the 
tetralogy of Fallot. Thirty to 40 per cent are 
predominantly made up of the tricuspid 
atresias, truncuses, and _ well-compensated 
transpositions. A minority of this latter group 
are composed of the rarer and exceedingly 
complex multiple lesions which challenge us 
constantly in differential diagnosis and call 
upon the maximum in diagnostic aids, includ- 
ing catheterization, angiocardiography, and 
so forth. 

The most rewarding single roentgenographic 
sign in subdividing the cyanotic group is ab- 
normal pulmonary blood flow, as recognized 
by an increase or diminution in the caliber of 
the pulmonary vascular markings. Tetralogy 
of Fallot and pure tricuspid atresias usually 
present diminished pulmonary vascular mark- 
ings as a result of the decreased pulmonary 
blood flow. Truncus communis invariably 
presents pulmonary vascular engorgement, 
evidenced by prominence of the vessels, often 
associated with an expansile pulsation or 
“hilar dance.”’ The appearance of the trans- 
positions is entirely dependent on the com- 
pensating associated lesion permitting the 
transfer of blood from the left to the right. 
However, the majority of the transpositions, 
unless some degree of pulmonary stenosis 
exists, present evidence of pulmonary vascular 
engorgement. 

Tewalogy of Fallot. The roentgenologic 
appearance is determined by the degree of 
pulmonary stenosis and the functional degree 
of overriding of the interventricular septum 


by the aorta. Variations in the degree of th: 
pulmonic stenosis or overriding of the aort: 
result in a wide range of appearances fron 
that approaching a normal heart (in which th: 
pulmonic stenosis is mild and the overridin 
minimal) to that of the extreme ‘“‘coeur e: 
sabot” (in which the pulmonary artery i 
atretic and the aortic overriding marked, tha 
is, pseudotruncus). There are all intermediates 

As the ventricular enlargement is purel: 
right and the left ventricle is either norma! 
or may be even somewhat hypoplastic, th 
enlargement is not reflected in the postero 
anterior projection by an increase in the trans 
verse diameter of the cardiac silhouette. lh 
fact, in moderate to severe cases, the hear 
may appear smaller than normal. The heavy: 
right ventricle dips into the diaphragm an 
elevates the apex of the heart, accounting fo 
the “sabot’”’ appearance. The cardiac waist i 
usually narrowed because of the absence o 
hypoplasia of the main pulmonary artery, and 
the beat in this middle cardiac segment on the 
left is either absent or diminished. In the left 
anterior oblique projection the heart appears 
almost round. Approximately one-fourth of 
the patients with this condition show evidence 
of a right aortic arch. The pulmonary vascula- 
ture, except in the exceedingly mild cases, is 
almost uniformly diminished. 

If the patient survives a number of years, 
considerable collateral circulation through the 
bronchial arteries usually develops, and at 
first glance, this may mask the apparent 
diminution in the pulmonary blood flow. On 
closer examination, the distinctive pattern 
can be seen (fig. 4). These collaterals can make 
surgical dissection of the lung root exceedingly 
hazardous." 

It is widely agreed* that in at least 90 per 
cent of cases of tetralogy of Fallot the obstruc 
tion is infundibular in position. Brock,'® on 
the other hand, feels that valvular stenosis in 
the tetralogy is considerably more frequen 
“if sought for carefully and properly.” Fron 
the radiologic point of view it should be em 
phasized that in tetralogy of Fallot, it i 
exceedingly uncommon to see gross post 
stenotic dilatation of the pulmonary arter) 

Tetralogy of Fallot With Unilateral Atresi 
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f the Pulmonary Artery: A rare variant of 
he tetralogy, which in addition to the usual 
eatures presents atresia of one of the main 
ranches of the pulmonary arteries, has been 
‘eported.* Roentgenographically, this may be 
‘ecognized by a discrepancy in the vasculature 
f the two lungs. Instead of a uniform diminu- 
ion of the pulmonary vascular pattern in both 
ung fields, the side with the atretic pulmonary 
utery will show considerable diminution of 
the pulmonary vasculature, whereas the 
ypposite lung field will show a dilated main 
pulmonary artery, compensatory pulmonary 
vascular engorgement, and occasionally even a 
“hilar dance.”’? Angiocardiography may con- 
firm the absence of the pulmonary artery 
distal to the atresia on the affected side. This 
deformity considerably increases the risk of an 
operative shunt procedure. Atresia of one of 
the branches of the pulmonary artery in the 
absence of a tetralogy or any other abnor- 
mality has been recognized for some time. 
Tricuspid Alresia. This is one of the few 
entities which may present a distinctive, 
almost pathognomonic, cardiac — silhouette; 
namely, absence of mass where one is accus- 
tomed to seeing the right ventricle.*4 Unfortu- 
nately, less than 20 per cent of the tricuspid 
atresias present this appearance.*® The ma- 
jority have a ‘coeur en sabot” configuration 
indistinguishable from tetralogy of Fallot, but 
they have a definite distinctive feature in 
that the electrocardiogram almost uniformly 
presents evidence of left ventricular hyper- 
trophy instead of the characteristic right 
\entricular hypertrophy of the tetralogy of 
lallot. In our experience it is the enlarged 
ght auricle (probably a function of the size 
the auricular septal defect) which fills in 
ie space normally occupied by the right 
\entricle and accounts for the ‘coeur en 
bot” silhouette. Thirty per cent of the pa- 
‘nts with tricuspid atresia are found to have 
‘xtroposition or dextrocardia, and approxi- 
ately 30 per cent, irrespective of the position 
the heart, have reversal of the position of 
> aortic arch. 
A new, and probably helpful radioscopic sign 
tricuspid atresia has been reported.‘® This 
an asynchronous pulsation of the anterior 


and posterior borders of the heart in the left 
oblique position. It is attributed to the re- 
placement of the right ventricle, normally the 
main component of the anterior border, by 
the enlarged right atrium. 

Pulmonic Stenosis Wih Atrial Septal 
Defect or Foramen Ovale. In this combination 
of lesions there are sufficient deviations from 
the classic signs of uncomplicated ‘pulmonic 
stenosis to make it probable that in a given 
case a pattern will emerge which is incom- 
patible with either pulmonic stenosis or 
auricular septal defect alone. If the patient is 
cyanotic, one must assume that the pulmonic 
stenosis is severe and dominant, thus reversing 
the septal shunt to a right-to-left flow. In the 
roentgenologic appearance of the heart, the 
pulmonic stenosis dominates, with prominence 
of the auricles. If cyanosis is present there will 
be right ventricular enlargement, auricular 
prominence, and pulmonary ischemia, as evi- 
denced by diminution of the pulmonary vascu- 
lature. This conforms with our experience and 
recent reports of others." !®) #7 

It is important to recognize that this com- 
bination of lesions may give rise to cyanosis 
at birth, but in the majority of patients, the 
onset is later. In the vast majority there is 
poststenotic dilatation of the main pulmonary 
artery. This combination of lesions becomes 
exceedingly important in the differential diag- 
nosis with tetralogy, as they do not respond 
well to shunt procedures, and valvulotomy 
appears a more rewarding procedure. 

Ebstein’s Disease. This deformity, repre- 
sented by a congenital downward displacement 
of the tricuspid valve into the right ventricle, 
has aroused considerable interest since Eb- 
stein’s original description in 1866. as it 
represents a distinct pathologic entity. In the 
presence of an auricular septal defect, which 
is the most commonly associated lesion, cya- 
anosis always results. 

In our experience the roentgenologic appear- 
ance of the heart is characterized by distinctive 
features which, however, are not necessarily 
specific for this entity. It presents a pure, 
exaggerated, right-sided enlargement with di- 
minished prominence of the pulmonary vascular 
markings. Thus, the heart may be described 
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Fic. 8. Cardiac configuration in Ebstein’s de- 
formity. Note unusual prominence of right side with 
frank diminution of the main segment of the pul- 
monary artery and pulmonary vasculature, suggest- 
ing that insufficient blood is passing out of the right 
side of the heart. 


as having the shape seen in severe auricular 
septal defect with the auricles, particularly 
the right, unduly prominent. However, there 
is not the expected prominence of the pul- 
monary artery or pulmonary vasculature 
(fig. 8). In fact, the pulmonary artery and 
vasculature are diminished. This is, of course, 
the result of some of the blood bypassing the 
lungs through the right-to-left shunt across the 
auricular septal defect. Whenever these changes 
are present and cyanosis is severe, Ebstein’s 
disease should be suspected, particularly in 
the presence of arrhythmias or electrocardio- 
graphic abnormalities. A number of these 
cases have now been diagnosed clinically.* 
Truncus Arteriosus Communis. This lesion 
usually can be recognized by a balanced right 
and left ventricular enlargement and a broad 
prominent vascular arch with lung fields which 
usually show evidence of active pulmonary 
vascular engorgement, often with associated 
“hilar dance.” At fluoroscopy, the main pul- 
monary artery is observed to be absent by 
lack of the normal prominence and beat. This 
last characteristic is much more helpful in the 


differential diagnosis in the younger age group 
than evaluating the width of the upper part of 
the mediastinum. The prominence of the lung 
markings readily distinguishes this group of 
malformations from the tetralogies. 


Transpositions of the Great Vessels. There 
are almost innumerable variations from the 
complete transposition in which the aorta 
arises from the right ventricle and the pul- 
monary artery from the left ventricle to 
variable degrees of overriding of the two 
ventricles by one or both of these vessels. 
Many of these malformations now travel in 
medical parlance under proper names which 
help to obscure their anatomic identity rather 
than emphasize their kinship based on the 
common denominator that in all these cases 
the basic malformation is the abnormal origin 
of the major vessels.**: °° The so-called ‘“‘Taus- 
sig-Bing malformation” represents such a 
variation. Here the aorta arises from the right 
ventricle, while the pulmonary artery arises 
mainly from the right ventricle, but partially 
overrides the ventricular septum, receiving 
blood from both ventricles. Thus, there is 
cyanosis from birth. Roentgenograms show 
combined ventricular prominence with a large 
pulmonary artery, pulmonary vascular en- 
gorgement and “hilar dance.” 

Generalizations on the clinical aspects, the 
course of the disease, the murmurs, the elec- 
trocardiographic findings, and particularly the 
roentgenographic appearance of the heart are 
not valid in transpositions. This is due to the 
fact that these will all be dependent on the 
associated defects which compensate for the 
transposition by permitting admixture of 
blood from the right and left sides of the heart. 
One common observation will be the abnormal 
relationship of the base of the aorta and pul- 
monary artery to the heart, usually character- 
ized by a mediastinal shadow narrowed in the 
frontal projection and widened in the left 
anterior oblique view. To evaluate the remain- 
ing characteristics, one must think in terms of 
transposition compensated by atrial septal 
defect and patent ductus, or transposition 
with ventricular septal defect. Equally im- 
portant is the size of these defects. Thus, there 
is much variation in this group.*!: * % 

Eighty-six per cent of the patients with 
transpositions die by the end of the first year, 
although patients have been reported to have 
lived to the age of 56 years without significant 
physical limitations. In the presence of an ab- 
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1ormal electrocardiogram, progressive cyano- 
‘is, and rapid increase in size of the heart, the 
liagnosis usually can be suspected in the first 
‘ew weeks or months of life. 

Anomalous Systemic Venous Return. 
\{nomalous insertion of the superior or inferior 
vena cava or both into the left atrium is ex- 
remely rare, and clinically it is almost im- 
gossible to diagnose. Per se, this condition need 
1ot give rise to murmurs, but in most cases 
there is an associated congenital cardiac defect. 
Cyanosis is present, though not necessarily 
severe. Anatomic studies indicate that anom- 
alous insertion of a persistent left superior 
vena cava is more likely than a right. Angio- 
cardiography is probably the only method of 
making a definitive diagnosis. 

As the curative potential of surgery should 
be so great in this type of deformity, one is 
constantly intrigued by the possibility of 
diagnosing this lesion, and it is probably a 
sound clinical policy to make all angiocardio- 
grams for cyanotic children by means of a 
left-sided injection because of the greater 
chance of visualizing an abnormal insertion of a 
persistent left vena cava. 

Anomalous Pulmonary Venous Return. As a 
result of a congenitally abnormal insertion, 
blood returning from the lungs via the pul- 
monary veins may drain into the superior vena 
cava, innominate, azygos, or subclavian veins, 
or into the right atrium. If there is complete 
drainage of pulmonary blood into the right 
side, an atrial septal defect usually exists 
{> sustain life. More common is partial drain- 
:ge of the pulmonary blood into one of these 

ructures by way of abnormal insertion of one 

r more of the pulmonary veins. If more than 
.0 per cent of the pulmonary venous blood 
‘rains into the right atrium, important clinical 
igns may be expected. Conventional chest 

entgenograms may present a characteristic 
ppearance, as has been reported by Snellen 
nd Albers.*4 The abnormal vessels are then 

‘cognized low and lateral to the right border 
f the heart, with the upper pari of the medi- 
stinum widened, resulting in a ‘figure of 8” 
nediastinal silhouette (figs. 9 and 10). 

Primary Myocardial Disease. In evaluating 
‘ardiac disease in children, particularly in 


infants, a number of patients will be found 
who have neither rheumatic nor congenital 
heart disease. This group recently has been 
well studied by Rosenbaum and his associates,® 
and clinically, these patients are found to have 
certain features in common: cardiomegaly, 
absence of significant murmurs, electrocardio- 
graphic abnormalities, and normal blood pres- 
sure. Their patients all had primary myo- 
cardial disease. 

By the time these patients are examined, 
they present almost uniformly similar roent- 
genologic appearances. The heart is generally 
enlarged, all chambers sharing. There is a 
diminished excursion of the beat. The main 
vessels are normally placed, and the pulmonary 
vasculature is either normal or shows passive 
engorgement with congestion. The picture is 
that of a failing myocardium. Although at 
Jeast five underlying pathologic entities have 
been shown to be involved (glycogen storage 
disease, aberrant left coronary artery, medial 
necrosis of the coronary arteries, subendo- 
cardial sclerosis, and idiopathic myocarditis), 
once the myocardium fails, the radiologic 
picture becomes the same. It is of interest 
that the first three of these entities fail to 
respond to any form of therapy, while the 
latter two may respond.» 


ANGIOCARDIOGRAPHY 


The value of angiocardiography in the re- 
search laboratory and as a teaching medium 
has been established. As a diagnostic clinical 
instrument it has a limited but specific place. 

Clarification of the limitations of cardiac 
angiography have only recently been stressed 
in the literature.°* Important among these 
are: a. A certain concentration of radiopaque 
substance is necessary at a given time in the 
circulation to be visualized on the films. There- 
fore, minute shunts or minimal overriding of 
the vessels will be overlooked by this method. 
b. Certain chambers or portions of chambers 
may be opacified for only a fraction of the 
cardiac cycle. Therefore, the speed and fre- 
quency of exposure become exceedingly im- 
portant. The minimum practical requirement 
for a serialographic machine appears to be 10 
to 12 films in eight seconds, although there 
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Fic. 9. Anomalous pulmonary venous return with complete drainage of pulmonary blood into the 


right side of the heart via a persistent left-sided vena cava draining into the innominate vein and 
then into right vena cava resulting in the ‘‘figure of 8’’ configuration of the mediastinum. 


Fic. 10. Anomalous pulmonary venous return with only slight widening of the upper mediastinum 
on the left resulting from abnormal venous return but with marked enlargement of the right atrium 
resulting from the direct return of the major portion of the pulmonary blood into the right atrium. 


appears to be some evidence that a faster rate which angiocardiography either failed to give in 
of exposure may yield additional significant formation or was actually misleading.'®: *!: 
information.'® As a rule, angiocardiography may show right 

The literature is studded with reports in to-left intracardiac shunts of moderate magni 
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‘ude, while left-to-right intracardiac shunts 
re better demonstrated by the catheter. There 
as been an increased application of angio- 
ardiography in the diagnosis of lesions in the 
ieonatal ‘period and infancy. Here, in the 
pinion of the authors, this diagnostic instru- 
nent has unique rewards to offer, in that it is 
yossible to follow the course of the blood and 
o establish abnormalities prior to the time 
hat adaptive changes take place in the heart 
which might make them recognizable by 
routine methods. This becomes important 
linieally in those infants suffering cardiac 

enlargement, failure, or other gross cardiac 

disturbances which cannot be diagnosed by 
other means.*® 


RETROGRADE AORTOGRAPHY 


This specialized surgical procedure yields 
specific information in the localization of left- 
to-right shunts, in establishing whether they 
are intracardiac or extracardiac. This is a 
problem in which the catheter has not proved 
to be entirely accurate, and one which arises 
primarily in differentiating the inoperable high 
interventricular septal defects from the oper- 
able aortic-pulmonic defects and the patent 
ductus arteriosus. In coarctation of the aorta 
this procedure may yield specific information 
regarding the location of the coarcted segment. 
‘The retrograde injected dye follows the course 
of the blood instead of piling up above and 
helow the coarcted segment, so that, as a rule, 

demonstrates the entire collateral vascular 

hannels better than the coarctation itself. 
‘he tighter the coarctation becomes, the more 
ifficult it is to outline it accurately by dye. 

This procedure should not be treated lightly, 

s deaths and cerebral complications are known 
0 occur with considerable frequency,® appar- 
atly the result of a high concentration of the 
ontrast material reaching the brain. Complica- 
ions probably can be minimized by checking 
he position of the catheter fluoroscopically 
rior to injection, if a catheter is used, to be 
ertain that it has not passed up the carotid, 
'y compression of the head and neck vessels 
ephalad to the site of the injection, and by 
‘voidance of multiple injections. 


VASCULAR RINGS AND ABERRANT VESSELS 


There are many vascular malformations of 
the aortic arch and its branches, but the ma- 
jority are of little importance. Those which 
produce actual compression of the trachea or 
the esophagus or both may give rise to diffi- 
culties in swallowing and stridor. The symp- 
toms in these cases are almost invariably 
exaggerated during feeding. Fortunately, these 
anomalies can be readily recognized by roent- 
genoscopic and roentgenologic examination. 
Our cases have fallen into two general cate- 
gories, the compression produced by complete 
vascular ring and compression by a single 
malplaced or aberrant artery. In the double 
aortic arch, the trachea and esophagus are 
trapped between the arches, one arch passing 
anterior to the trachea, the other posterior to 
the esophagus. This deformity produces a 
characteristic roentgenologic appearance.* 
Another form of ring is produced by the right 
aortic arch with a persistent ligamentum 
arteriosum passing posterior to the esophagus 
and connecting with the pulmonary artery, 
similarly compressing the trachea and esoph- 
agus, but producing a somewhat different 
roentgenographic appearance. Fortunately, 
both of these deformities are amenable to 
surgery. 

A single anomalous artery may also produce 
compression deformities with symptoms. The 
anomalous innominate artery may arise further 
along on the aortic arch than normal and, 
thus, wind around the anterior surface of the 
trachea, compressing it. The symptoms are 
usually dyspnea, stridor, and multiple bouts 
of pneumonia. 

The aberrant subclavian artery is usually 
the result of the right subclavian taking off 
independently from the distal part of the 
aortic arch rather than from its normal origin, 
the innominate. Then, in order to ascend to 
the right upper part of the chest, it must pass 
either between the trachea and esophagus, 
anterior to the trachea, or behind the esoph- 
agus, the latter being by far the most common 
course. In doing so, it produces a spiral defect 
in the posterior and left lateral aspect of the 
esophagus, often associated with obstructive 
symptoms and long known as the cause of so- 
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called “dysphagia lusoria.”” This deformity is 
readily recognizable by barium swallow, and 
in infants there may be a temporary delay 
with momentary expansion of the upper part 
of the esophagus as a result of this deformity, 
particularly when solid or semisolid foods are 
taken. This often results in gagging and in 
distress during feeding and, at times, aspira- 
tion, although at no time has the obstruction 
been observed to be severe. In our series of 
aortic arch anomalies we have had approxi- 
mately 40 patients within the past five years 
with symptoms sufficiently severe to justify 
surgical correction.” 
CONCLUSION 

As the scope of surgical corrective proce- 
dures for congenital heart disease widens, the 
burden of accurate diagnosis mounts. Correla- 
tion of all available data, not just roentgeno- 
graphic, is the sine qua non for an understand- 
ing of the various types of congenital heart 
disease. 

In our present state of knowledge, the 
simpler diagnostic procedures: History, physi- 
cal examination, electrocardiogram, film and 
fluoroscopic observations, if properly corre- 


lated, should yield a working physiological 
diagnosis in 85 per cent of patients with con- 
genital heart disease. The exact nature of the 
lesion in half of the remaining 15 per cent may 


become clear after angiocardiography and/or 
catheter studies. 
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Primary Arteritis of the Aortic Arch 


By Newtson W. Barker, M.D. AND Jesse E. Epwarps, M.D. 


HE following case is reported because of 

some unusual clinical and pathologic 

features and in order to call attention, 
first, to the aortic-arch syndrome in general 
and, second, to the rather uncommon primary 
arteritis of the aortic arch and its major 
branches which has been the subject of some 
previous isolated reports in the medical 
literature. 


A housewife aged 64 years and the mother of four 
children was admitted to the hospital on Feb. 12, 
1953, because of dyspnea and substernal pain that 
extended into the neck. She said that her health 
had been failing for approximately a year, during 
which time she had noted increasing fatigue, ano- 
rexia, gradual weight loss of 10 pounds (4.5 Kg.), and 
vague pains in the right side of the thorax. At the 
onset a year previously, she had had an episode of 
moderate substernal pain that seemed to localize 
finally in the interscapular region and lasted several 
days. For two months prior to admission to the 
hospital she had episodes of rather severe substernal 
pain and dyspnea on exertion, and these attacks 
had become more frequent, more prolonged and more 
easily induced. None of the episodes had lasted more 
than 30 minutes and all had been relieved by rest. 

The past history revealed that the patient had 
stopped menstruating at the age of 41. She had con- 
sulted the Mayo Clinic in 1947 and 1951 about vari- 
cose veins and a cystocele but had received no defini- 
tive treatment for these conditions. In 1951 the 
plasma lipids had been determined, and the values 
were 150 mg. for cholesterol, 190 mg. for phos- 
pholipids and 349 mg. for total lipids, all per 100 cc. 
of plasma. The father had died of pulmonary tuber- 
culosis at the age of 54 and the mother had died of 
hypertension and a “stroke” at the age of 82; other- 
wise the family history was not remarkable. 

On admission the patient appeared to be seriously 
ill. She was rather thin, pale, nervous and apprehen- 
sive. Her temperature was 100.2 F. The thyroid was 
small, rather firm and slightly irregular, especially 
in the right lobe. The heart appeared to be normal 
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in size; there was a regular tachycardia with ; 
apical rate of 144 beats per minute, and there was 
moderate systolic murmur heard only at the ape 
Pulsations were palpable and were of normal volur 
in both carotid arteries, in the right subclavi: 
artery above the clavicle, in the abdominal aort 
in both femoral arteries in the groins, and in bot 
popliteal and both posterior tibial arteries. Puls: - 
tions were palpable but of reduced volume in bot 
dorsalis pedis arteries. No pulsations could be felt 1 
the left subclavian artery above the clavicle nor in 
the axillary, brachial, antecubital, radial and ulner 
arteries of either arm. Blood-pressure readings were 
not obtainable in either arm. The blood pressure in 
the left lower extremity with the cuff around the 
thigh was recorded as 180 mm. Hg systolic and 90 
mm. diastolic, and similarly in the right lower ex- 
tremity as 140/90. The remainder of the examina- 
tion gave negative results. There was no cyanosis, 
the lungs were clear and both hands were warm and 
of normal color. There was no swelling or edema of 
the extremities and there was no evidence of enlarge- 
ment of the liver. 

The urinalysis disclosed albuminuria, graded 4 
plus, and the presence of a few hyaline casts and a 
few leukocytes. The value for hemoglobin was 11.4 
Gm. per 100 ec. of blood and the erythrocytes num- 
bered 4,130,000 and the leukocytes 4,600 per cubic 
millimeter. The sedimentation rate was 75 mm. 
in 1 hour. The value for blood urea was 50 mg. per 
100 cc. Roentgenographic examination of the thorax 
showed evidence of a small amount of fluid and 
pleural thickening at the right costophrenic angle 
and slight torsion but no real dilatation of the aorta. 
The electrocardiogram showed a cardiac rate of 150 
beats per minute, sinus tachycardia, left axis devia 
tion, inverted T waves in leads I and II, depressed 
S-T segment in leads I, II and III. R waves were 
absent in leads V,, V. and V;. T waves were inverte:! 
in leads V,, V; and V,. S-T segments were elevate: 
in leads V, and V, and markedly depressed in leads 
V,, V; and V,. 

During her course in the hospital the patie 
continued to be dyspneic and became orthopnei 
On the day following admission she seemed to fe: 
better, was less apprehensive and had no distress | 
the thorax. Her temperature remained normal mos 
of the day. She still appeared pale and the tach) 
cardia continued. Forty-eight hours after admissio 
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: apical rate was still 150, there was evidence of 
lop rhythm and more dyspnea, and there were 
jist rales in the bases of both lungs, particularly 
the left. In the afternoon of that day, February 
, her temperature and pulse rate rose progressively, 
: dyspnea increased, and she became cyanotic, 
en comatose, and died. 


From the clinical standpoint it seemed 

vious that this patient entered the hospital 

th severe heart failure and pain that was 

rongly suggestive of myocardial ischemia. 

he onset of the pain had been somewhat 
:vadual and its severity had been progressive. 
‘/here had been no prolonged episode of pain, 
such as commonly occurs in coronary occlusion 
with myocardial infarction. The electrocardio- 
gram gave strong evidence of severe myo- 
cardial ischemia or subendocardial anterolateral 
myocardial infarction, and the clinical course 
suggested the progressive failure of severe acute 
myocardial infarction. The more interesting 
and unusual finding was the lack of pulsations 
in the arteries of both arms including the left 
subclavian above the clavicle, but not the right 
subelavian, without evidence of severe or 
symptomatic ischemia of the arms and hands. 
This was indicative of localized occlusion of 
the left subclavian artery near its orifice and 
of the right axillary artery. 

The first clinical impression was that the 
patient had coronary atherosclerosis with 
thrombosis, acute myocardial infarction with 
intracardiac thrombosis and embolic occlusion 

the left subclavian and right axillary 
teries. However, it was admitted that 
ibolic occlusion of the large arteries of both 
iyper extremities was an unusual occurrence 

d that there had been no sharp episodes of 
a ute ischemia of either arm suggestive of 

ibolie occlusion. 

It was then suggested that the patient had 

herosclerotic occlusion of the coronary artery, 

e left subclavian and the right axillary 

teries. It is not unusual to see orificial 

heromatous occlusion of the left subclavian 

‘tery both with and without evidence of 

onary atherosclerosis, but it is very unusual 

) see associated or independent atherosclerotic 
eclusion in the right axillary artery or even in 


the right innominate artery. Furthermore, it 
was thought that the low values for plasma 
lipids noted in 1951 would be somewhat 
unusual in a woman of her age who had 
advanced atherosclerosis. 

It was considered that the patient might 
have thyrotoxicosis, causing myocardial failure, 
secondary intracardiac thrombosis and emboli- 
zation of the arteries of the upper extremities. 
This would have been compatible with the 
general deterioration of health, loss of weight, 
marked tachycardia and low values for plasma 
lipids. However, by palpation the thyroid gland 
did not seem to be definitely abnormal, 
auricular fibrillation was not present at any 
time and the electrocardiogram certainly 
indicated myocardial infarction rather than 
thyrotoxicosis. The dyspnea and _ serious 
clinical condition precluded a_ satisfactory 
determination of the basal metabolic rate; 
determinations of protein-bound iodine were 
scheduled but death occurred before they could 
be made. 

Dissecting aneurysm was considered but 
such a lesion was thought not to be compatible 
with the transient character of the attacks of 
pain, the electrocardiographic findings and the 
occlusion of only one of the branches of the 
aortic arch near its orifice. 

Thromboangiitis obliterans was ruled out 
in the diagnosis because of its rarity among 
women and among persons of either sex in the 
seventh decade of life, because of the extreme 
rarity of primary involvement of the coronary 
arteries by this disease, and because of its 
predilection to affect the more distal rather 
than the proximal arteries and the arteries in 
the lower as well as the upper extremities 
when the latter are involved at all. 

Syphilitic aortitis with involvement of both 
coronary and subclavian arteries was con- 
sidered. Cases of the so-called aortic-arch 
syndrome caused by syphilitic aortitis have 
been reported, but in the present case there 
was no history of syphilis, the serologic 
reaction for syphilis was negative, and there 
were no other signs, clinical or roentgenologic, 
indicative of syphilitic aortitis. 

The curious type of aortic-arch syndrome 
which has been called ‘pulseless disease,” 
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Fie. la. Left ventricle. Thinning of wall associated with acute infarction involving the antero- 
septal and lateral regions. A mural thrombus is present in the left ventricle. 1b. Aortic arch and 
branches. The wall of each is thickened, and an organizing thrombus occludes the lumen of the left 
subclavian artery. lc. Left subclavian artery. The narrowed lumen is filled with an organizing throm- 
bus. There is intimal thickening with fibrous tissue. Much of the medial elastic tissue has disappeared. 
There is thickening of the media due to heavy cellular infiltration similar to that illustrated in figure 
2a (Verhoeff’s elastic tissue stain counterstained with van Gieson’s connective tissue stain; <8). 
ld. Right axillary artery. The lumen is occluded by an organized thrombus. There is considerable 
loss of medial elastic tissue (Verhoeff’s elastic tissue stain counterstained with van Gieson’s con- 


nective tissue stain; X12). 


“young female arteritis’ and ‘‘Takayasu’s 


’ 


disease,’ and which has been the subject of 
isolated reports in the literature, remained for 
consideration. Unfavorable to such a diagnosis 
in the present case, however, were the fact 
that all reported cases have been in young 
women and the fact that the clinical findings 
have usually indicated occlusion of both 
arteries of the upper extremities and both 
carotid arteries. 


4 


Pathologic Examination. Necropsy revealed slight 
cardiac enlargement and acute subendocardial myo 
cardial infarction involving the anterior and adja 
cent septal and lateral portions of the left ventricl 
(fig. la). A mural thrombus was present over th 
infarct and another in the left auricular appendage 
The coronary arteries throughout their course 
showed no significant atheromatous disease or othe 
type of narrowing except at the ostia. The ostia 
both coronary arteries, but more strikingly the left 
were narrowed considerably, the left ostium measu: 
ing only about 2 mm., the right about 3 mm., i 





Fig. 2a. Media of innominate artery showing separation of elements by heavy cellular infiltrate 
composed mainly of macrophages and lymphocytes (hematoxylin and eosin; 600). 2b. Thoracic 
aorta showing nonatheromatous fibrous thickening of intima (top of illustration). The central half 
of the media is pale because of loss of elastic fibers and separation of existing ones by infiltrating cells 
similar to those observed in the innominate artery and illustrated in a (Verhoeff’s elastic tissue stain 
counterstained with van Gieson’s connective tissue stain; X30). 2c. Innominate artery. Fibrous non- 
atheromatous thickening of the intima. On the intimal surface there is fibrin undergoing organiza- 
tion. Medial elements are separated by infiltrating cells (Verhoeff’s elastic tissue stain counterstained 
with van Gieson’s connective tissue stain; X90). 2d. Thoracic aorta. Pronounced intimal nonathero- 
matous fibrous thickening (center of illustration). On the surface of the intima there is a heavy layer 
of thrombus (Verhoeff’s elastic tissue stain counterstained with van Gieson’s connective tissue stain; 
X50). 2e. Longitudinal section of aorta through ostium of left coronary artery. Pronounced intimal 
thickening of the aorta involves the ostium of the coronary artery causing narrowing of the latter 
(Verhoeff’s elastic tissue stain counterstained with van Gieson’s connective tissue stain; X10). 
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diameter. The thoracic aorta i its entirety had a 
peculiar, leathery, thickened quality. There were no 
localized lesions in any portion of the thoracic aortic 
wall. 

As to the branches of the aortic arch, the lumen 
of the left subclavian artery was occluded by an 
organizing thrombus, beginning at the origin of the 
vessel and continuing for a distance of about 2 cm. 
from that point (fig. 1b and 1c). The walls of the 
left common carotid and the innominate arteries were 
thickened, but the lumens were patent. While the 
right subclavian artery had a patent lumen, the 
right axillary artery was occluded by an organized 
thrombus (fig. 1d). There were minimal calcific 
changes in the leaflets of the aortic valve, but no 
stenosis. Considerable central hemorrhagic necrosis 
was present in the liver. There was considerable 
edema of the lungs, the combined weight being 
1,410 Gm. Minimal hydrothorax existed—500 ce. of 
fluid on the right and 350 cc. on the left. Recent in- 
farcts considered to be the result of emboli from the 
cardiac mural thrombi were present in the kidneys. 
Colloid adenomas were present in the thyroid gland. 

Histologic examination revealed the myocardial 
infarct to be recent, and its appearance was com- 
patible with the concept that it had originated three 
days before death. No evidence of inflammation 
save that related to the myocardial infarction was 
present in the heart. 

The entire thoracic aorta and the branches of its 
arch, as well as the axillary arteries, were charac- 
terized by an extensive chronic inflammatory reac- 
tion (figs. 1c, 1d and 2). This was most striking in 
the medial layer of the involved vessels, where there 
was heavy infiltration with cells, for the most part 
macrophages and lymphocytes (fig. 2a). In some 
areas the infiltrating cells caused the spaces between 
the elastic fibers of the media to be widened. In still 
other areas there was interruption of elastic fibers 
(figs. 1c, 1d, 2a and 2b). In such areas there were 
wide gaps of the media, in which no pre-existing 
elements but only loose connective tissue containing 
the infiltrating cells was identifiable. No giant cells 
were found and neutrophils did not take noticeable 
part in the cellular reaction. While some increase in 
vascularity of the media occurred, there was no 
searring. No bacteria were seen. Related to the 
medial inflammatory process there was fibrous 
nonatheromatous thickening of the intima of the 
aorta and the branches named (fig. 2c, 2d and 2e). 
Minimal cellular infiltration occurred in some foci 
at the junction of the media and intima, but this was 
not a striking feature. An organizing thrombus in 
the left subclavian and an organized one in the right 
axillary artery completely filled the respective 
lumens (fig. lc and d). In the left common carotid, 
the innominate artery and the aorta, there were 
mural thrombi which were undergoing organization 
(fig. 2c and 2d). 

The coronary arteries distal to the ostia showed 
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little or no atheromatous change and nowhere w :re 
they involved by inflammatory changes similar to 
those seen in the aortic arch and its branches. In 
the case of the left coronary artery a longitudi ial 
section of the aortic wall extending into the >t 
coronary artery was made. This showed that he 
aortic media here was characterized by the sa ne 
inflammatory process that characterized the me lia 
of the thoracic aorta elsewhere. Likewise, as e se- 
where, the intima of the aorta was thickened by 
nonatheromatous connective tissue, which invol ed 
the site of origin of the left coronary artery + ad 
vaused the ostium of that vessel to be narrov ed 
(fig. 2e). In the left coronary artery, only minor n- 
filtration of the vessel as it was related to the aoi «ic 
wall was present. 

A section of the pulmonary trunk revealed no _n- 
flammatory process. 


COMMENT 

The somewhat unusual clinical picture in 
this case may be brought together by tie 
necropsy findings. The cardiac murmur which 
had been noted for several years could be 
explained on the basis of minor changes in the 
aortic valve of a fibrocalcific nature which did 
not seem to contribute to cardiac dysfunction. 
The history of angina could readily be corre- 
lated with the existence of narrowed coronary 
ostia. This feature was the expression of the 
fibrous intimal thickening of the aorta as part 
of the disease described in that vessel. No 
thrombotic or other form of acute occlusion of 
the coronary arteries was found. The fact that 
the myocardial infarct involved the endo- 
cardial half rather than the entire thickness of 
the myocardium is consistent with everyday 
observation of the tendency for myocardial 
infarcts occurring in the absence of acute 
coronary occlusion to be subendocardial in 
distribution. The mural thrombi of the left 
ventricle and of the left atrium are interpreted 
as manifestations of cardiac failure resulting 
from the myocardial infarction involving «n 
extensive portion of the heart. Other e 
pressions of cardiac failure are to be had in tl 
central hemorrhagic necrosis of the liver, tl 
hydrothorax and the pulmonary edema. 

In the presence of intracardiac thrombi 01 
naturally wonders whether the thrombi o - 
cluding the left subclavian and right axilla’ 
arteries could have been embolic. The eviden: 
is against this and favors thrombosis in sit 
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Tle ages of the arterial thrombi were greater 
th in the age of either the myocardial infarction 
or the complicating intracardiac mural thrombi. 

ditional evidence supporting the view that 

- occlusions of the arteries were thrombotic 

nes from the fact that mural thrombi were 

ind widely distributed in the thoracic aorta 

d in the left common carotid and innominate 

eries. The thrombosis is interpreted as a 

ect complication and accompaniment of the 

eritis and aortitis. The renal infarction was 
iresh and probably resulted from emboli 
ginating in the heart. 

The sequence of events indicates that the 
pstient’s illness and death were ultimately 
related to aortitis and arteritis. Nevertheless, 
the cause of the arterial disease remains 
obscure. 

One is led to consider syphilis as a cause of 
the arteritis. The results of clinical tests in 
this case were negative for this disease. The 
lack of searring of the media is evidence 
against a diagnosis of chronic syphilitic 
aortitis, and the lack of giant cells in the very 
heavy medial cellular infiltrate is evidence 
against a diagnosis of acute syphilis. 

Although this patient was a woman and so 
was not potentially a ready subject for throm- 
boangiitis obliterans, that condition comes up 
for consideration. Against it are the clinical 
features of involvement of the upper extremities 
to the exclusion of the lower. In thrombo- 
angiitis obliterans the classic granulomatous 
picture with giant cells is not always seen. At 
certain stages, when cellular infiltration is as 

wy as it was in this case, there is usually 
giint cell infiltration, but no such cells were 

‘sent here. There was no evidence of involve- 

nt of veins nor of extensive fibrosis in the 

inective tissue supporting the arteries, veins 

1 nerves. The typical picture of panangiitis 

thromboangiitis was not seen. Although 

‘omboangiitis obliterans should be mentioned 

the differential diagnosis, the evidence does 

t strongly favor such a diagnosis. 

[he case presented seems to represent a 

ndition which has previously been described, 

ntioned in some reviews, and at times 
erred to as “pulseless disease” and ‘‘Taka- 
’ su’s disease.”’ This condition, while observed 


in both sexes, has shown a great tendency to 
occur in women, according to reports in the 
literature. In their review of various conditions 
related to disturbances of the aortic arch and 
its branches, Ross and McKusick! referred to 
this condition as ‘‘young female arteritis.” 
The present case fulfills the clinical and 
pathologic criteria of this condition except in 
respect to the patient’s age. 

The case presented brings up for discussion 
the term “reverse coarctation,’ since there was 
absence of pulsation in the arms with evidence 
of normal pulsation in the abdominal aorta and 
femoral arteries. Usually this term is applied 
to cases in which the branches of the aortic 
arch are obstructed but in which there is 
evidence of unimpeded flow of blood to the 
lower part of the body. In the case presented, 
the carotid arteries pulsated normally and, 
although the right radial pulse was absent, the 
right subclavian artery pulsated normally, the 
obstruction being in the right axillary artery. 

Under these circumstances the term “reverse 
coarctation” would not be applicable, since it 
signifies that there is evidence of arterial 
obstruction to all the branches of the aortic 
arch. In passing, it may be mentioned, how- 
ever, that so-called reverse coarctation is 
essentially the result of acquired disease of the 
aorta. At times there may be associated 
rariants whereby the branches of the aortic 
arch arise in an abnormal manner, but the 
underlying cause of the obstructive phenomena 
does not reside in such developmental devia- 
tions, if present. The most common condition 
giving rise to the phenomenon of ‘reverse 
coarctation” is syphilitic aortitis, in which the 
branches of the aortic arch are obstructed in 
one way or another. They may be obstructed 
because the process involving the aortic wall 
narrows the ostia of these vessels, or thrombosis 
may cause the vessels to be obstructed. The 
thrombus may be within the branches. More 
commonly, however, when there is evidence of 
obstruction to the three branches of the arch 
there is an associated aneurysmal formation 
of the aortic arch complicated by mural 
thrombosis at this site. 

Other forms of aortic aneurysm associated 
with thrombosis such as arteriosclerotic aneu- 
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rysms or aneurysms resulting from trauma may 
account for the phenomenon of “reverse 
coarctation,” but these are much less common 
than syphilitic aortitis. 

It will be recalled that in the present case 
coronary insufficiency with myocardial infare- 
tion played a prominent role in the symptoma- 
tology and was actually the cause of death. 
This circumstance is unusual among patients 
having the type of arterial disease present here. 
According to the review of Ross and 


McKusick,! the most common symptomatology 


reflects the obstruction to the carotid arteries, 
when present. In our case the coronary in- 


CONFERENCE 


sufficiency should be attributed not to intrir sie 
coronary arterial disease, but rather to —he 
aortitis. It will be recalled that one feature of 
the aortitis was pronounced fibrous intiral 
thickening which coincidentally caused narr: w- 
ing of the coronary arterial ostia. In this v ay 
there was significant anatomic obstruction to 
coronary flow in the presence of intrinsic: lly 
normal coronary arteries. 
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BLOOD COAGULATION 


Wessler, S. and Fischbein, J. W.: An Improved 
Method for the Intravenous Administration of 
Hepaiin. Its Clinical Application. New England 
J. Med. 250: 860 (May 20), 1954. 

A method is described for intravenous adminis- 
tration of heparin which avoids repeated venipunc- 
tures. An inlying polyethylene catheter, 15 cm. long, 
is used, its distal end fitted with a rubber-capped 
Tuohy-Borst adapter. This technic was employed 
for intravenous administration of heparin in 38 
patients with a variety of thrombotic and thrombo- 
embolic disorders. Seven patients with acute myo- 
cardial infarction were also treated. In none of the 
patients was superficial or deep thrombophlebitis, 
embolism, fever or septicemia from the catheter en- 
countered. Cultural studies of the catheters at the 
me of their removal disclosed no evidence of 
mtamination. In less than one-quarter of the 
itients there was a slight localized reaction to the 
ilyethylene tubing. Catheters remained in the 
ins for from one to four weeks. It is pointed out 
iat this technic may be useful in many types of 
travenous therapy and for obtaining multiple 
ood samples without recourse to repeated veni- 
inctures. 
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‘own, K. W. G. and MacMillam, R. L.: The 
Choice of An Anticoagulant. Am. J. M. Sc. 227: 
526 (May), 1954. 

A group of patients suspected of having thrombo- 
nbolic disorders were given one of the four anti- 
agulant drugs under study in order to determine 
ieir relative effectiveness and hazards. The prepa- 
itions included heparin given intramuscularly, 
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Dicumarol, Phenylindanedione, and Cyclocumarol. 
All four anticoagulants were equally effective in the 
prevention of further thromboembolic complications. 
Significant bleeding occurred in 5.7 per cent of 
patients. Heparin produced the highest incidence of 
bleeding and was frequently associated with pain at 
the site of injection. It is stated that heparin should 
be reserved for rapid initiation of anticoagulant 
therapy. Agranulocytosis developed in 2 patients 
who received phenylindanedione. On the basis of 
their study, the authors believe that Dicumarol is 
the most satisfactory preparation for anticoagulant 
therapy. 


SHUMAN 


Penn, S. R. and Walker, J. H.: Defective Blood 
Coagulation Following Pulmonary Surgery. New 
England J. Med. 250: 764 (May 6), 1954. 

Two cases of severe hemorrhage are reported sup- 
posedly due to blood coagulation defects developing 
following pulmonary resection for bronchiectasis. 
In one case the defect was not recognized and the 
patient died following a secondary exploration at 
which no bleeding point was found. The coagulation 
defect was recognized in the second patient and 
intravenous administration of fibrinogen was fol- 
lowed by recovery. It is mentioned that Stefanini 
has regarded fibrinolysis responsible for bleeding 
more frequently than is commonly recognized and 
that kinases which are abundant in the uterus and 
lung may activate fibrinolysis in vivo if they enter 
the circulation. Defects in blood coagulation may 
appear even though preoperative studies may have 
been normal; postoperative study of the blood 
clotting time and of the clot itself is indicated in 
determining the cause of the bleeding. 

ROSENBAUM 


Circulation, Volume XI, March, 1955 
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CONGENITAL AND RHEUMATIC 
DISEASE 


Kroeker, E. J., Kirkin, J. W., Prickman, L. E., and 
Wood, E. H.: Coarctation of the Aorta, Subaortic 
Stenosis; Anomalous Right Subclavian Artery. 
Proc. Staff Meet. Mayo Clinic, 29: 266 (May), 
1954. 

Pressures were measured directly and dye dilution 
curves were recorded from both radial arteries and 
the right femoral artery before and after surgical 
correction of a coarctation of the aorta in a 38 year 
old man with an associated subaortic stenosis and 
moderate stenosis of the right subclavian artery, 
which originated distal to the coarctation. Before 
operation, pressure in the left arm was moderately 
elevated, pressure in the femoral arteries was re- 
duced while an intermediate pressure and pulse 
contour was present in the right radial artery. These 
conditions were restored toward normal following 
the operation. 

The right and left radia! artery pressures and elec- 
trocardiogram were recorded throughout the opera- 
tion and the effects of occluding the right subclavian 
artery, occluding the left subclavian artery and 
opening the completed aortic anastomosis were 
studied. It was demonstrated that blood flow in the 
anomalously arising right subclavian artery at its 
origin was from the subclavian into the thoracic 
aorta instead of in the normal distal direction, and 
that except for the coronary and cephalic circula- 
tions, the major and practically only source of blood 
supply for the remainder of the body was via the left 
subclavian artery. 

SIMON 


Wilburne, M., and Mack, E. G.: Paroxysmal Tachy- 
cardia in the Newborn With Onset in Utero. 
J.A.M.A. 154: 1337 (April 17), 1954. 

This case of congenital paroxysmal supraventricu- 
lar tachycardia with a rate of 312 per minute brings 
to 12 the total number of reported cases of all forms 
of prenatal or congenital paroxysmal rapid heart 
action. After delivery the female child was promptly 
placed in oxygen because of cyanosis and obvious 
respiratory distress. It was estimated that her heart 
rate was above 280 per minute immediately after 
birth. On tincture of digitalis, the tachycardia was 
replaced three and one-half days later by normal 
sinus rhythm at the rate of 128 per minute. When the 
baby was six weeks old the tachycardia recurred. At 
this time an electrocardiogram revealed supra- 
ventricular tachycardia with a rate of 312 beats per 
minute. She was given tincture of digitalis but on 
the following day dependent edema developed and 
the baby was given lanatoside C 0.1 mg. intramus- 
cularly. One hour later 0.25 mg. was administered 
intramuscularly, and 6 hours later 0.4 mg. was given 
the same way. Eight hours later normal sinus rhythm 
at the rate of 130 beats per minute was noted. The 
child was put on maintenance doses of tincture of 


digitalis for one month after which the dosage was 
reduced to a minim every two days. When the bab 
was three and one-half months old. the paroxysm: | 
tachycardia again developed. An increase in digital s 
tincture dosage caused the rhythm to revert t) 
normal sinus. At age seven and one-half months th 
digitalis maintenance dose was discontinued. Th> 
child now is 15 months old and in normal health. 
KiTCHELL 


Wood, P.: An Appreciation of Mitral Stenosi . 
Part I. Clinical Features. Brit. Med. J. 1: 108! 
(May 8), 1954. 

The author reports observations on about 30) 
cases, about half of which were submitted to oper: - 
tion. The methods of evaluation were those used i. 
many other studies which have been or are being 
reportel. The author grades “all symptoms, mea:- 
urements, and graphic patterns... from 0 (absent) 
to 4, the four positive grades representing the 
common En:lish ad,ectives of de ree sli ht mo 
erate, considerable, and gross”. Wood proposes 
that the relative incidence of involvement of the 
several valves may be related to the relative pressure 
load at which they operate. In the child of the age 
at which rheumatic damage is occurring this is of 
the order of 100, 60, 15, and 6 mm. Hg, respectively, 
for mitral, aortic, tricuspid, and pulmonic valves. 

Contrary to the usual concepts 78 per cent of 
patients with “a really high pulmonary vascular 
resistance’ had never passel through a stage of 
orthopnea or paroxysmal dyspnea. Angina pectoris 
indistinguishable from that associated with occlusive 
coronary atherosclerosis was encountered in 12 per 
cent of the cases submitted to surgery and in 3 per 
cent of the cases of ‘‘almost pure mitral incompe- 
tence.”” Angina disappeared after “technically suc- 
cessful valvotomy.” Following exercise ischemic 
depression of ST segments in the left ventricular 
surface leads or their equivalent developed. Oc- 
currence of angina correlated wel! with the size of 
the mitral orifice. Although there was also a direct 
correlation with the degree of elevation of pulmonary 
vascular resistance, Wood believes that angina in 
mitral stenosis is the result of limitation of cardiac 
output and that the left ventricle suffers most 

A history of systemic embolism was obtained in 13 
per cent of the whole series (1-+ per cent of those 
cases submitted to operation). Embolism occurre‘| 
at operation in 10 per cent of the cases. This accident 
was not significantly higher in those patients with a 
history of previous embolism. The surgeon foun: 
clots in the left atrium no more frequently in p:- 
tients with a history of embolism than in others; th s 
suggests that fresh clots are the. ones which a:e 
likely to embolize. 

With atrial fibrillation the first sound was mo t 
accentuated after a short diastolic interval. No ca: 2 
of significant mitral regurgitation as checked by tl ¢ 
surgeon had grade 3 accentuation of the first hea t 
sound. Extensive calcification was less likely to | e 
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‘companied by marked accentuation of the first 
sound. There was a positive correlation between 
ie intensity of the first sound and the presence and 
iitensity of the opening snap. Normal rhythm 
‘.vors accentuation of the first sound by increasing 
ie pressure gradient across the mitral valve at the 

id of diastole. 

A close correlation was found between the inci- 

nce and grading of the mitral systolic murmur and 

ie presence and degree of regurgitation recognized 

y the surgeon at operation. In 16.5 per cent of the 

ises of mitral stenosis submitted to valvotomy an 

pening snap was absent. In 32 per cent of those 

ises with an opening snap, it disappeared after 

ilvotomy. Half of these attained an excellent result, 

hereas conspicuous regurgitation was produced in 
the others. The opening snap is excellent evidence 
against the presence of serious mitral regurgitation. 
It may, however, be present with relatively trivial 
degrees of mitral obstruction. 

Significant systemic hypertension occurred in 
about 10 per cent of the cases. The characteristic 
pulse of mitra] regurgitation was of the small water- 
hammer type. These characteristics are attributed 
by the author to hyperdynamic ventricular systole 
in combination with low cardiac output. Giant a 


waves in the phlebogram indicated either extreme 
pulmonary hypertension or tricuspid stenosis. Left 
ventricular thrust at the apex beat and lift over the 
right ventricle were useful indices of hypertrophy of 
the left ventricle and the right ventricle, respectively. 


In the cases with sinus rhythm a presystolic mur- 
mur was absent in all cases classed as pure mitral 
regurgitation and in one-third of the cases with 
serious degrees of regurgitation in combination with 
stenosis. A presystolic murmur is no evidence of the 
degree of mitral stenosis since it occurred even in 
the most trivial obstruction. The presystolic murmur 
persisted after operation in 42 per cent of the cases. 
Excluding those cases in which its disappearance 
could be attributed to the creation of mitral regurgi- 
tation by operation, 90 per cent of those showing 
disappearance had excellent results from operation. 

In 85 per cent of the patients with well-developed 
n tral regurgitation, a third heart sound was present. 

‘is is quite clearly related to the hyperdynamic 

ite of the left ventricle with rapid filling. In gen- 

il it is distinguished from an opening snap by its 

er position in time, by its lower pitched and 

iger characteristics and by the failure for this 
ird sound to be transmitted to the left sternal 
) rder. The presence of a third heart sound is a 
‘ative contraindication to valvotomy. None of 

‘se patients who were operated on did wel! and 

ree-fourths of them died. 

The diastolic rumble was completely absent in 

e patient with very high pulmonary vascular 
‘sistance. Most of the surgically favorable cases 
h .d long murmurs occupying most of diastole. 

McKvusick 


Goyette, E. M., Farinacci, C. J., Forsee, J. H. and 
Blake, H. A.: The Clinicopathologic Correlation 
of Lung Biopsies in Mitral Stenosis. Am. Heart J. 
47: 645 (May), 1954. 

A wedge of pulmonary tissue from the lingula was 
resected at the time of mitral valvulotomy and ex- 
amined in each of 15 consecutive patients with 
mitral stenosis as the only significant valve lesion. A 
control group of 10 autopsy cases without cardiac 
or pulmonary disease was also studied. Qualitative 
histologic study was made of both the alveolar and 
vascular tissues for the purplse of correlation with 
the clinical and laboratory findings. 

The changes in the alveolar walls consisted of 
capillary dilatation, thickening of the capillary 
basement membrane, increase in the interstitial 
tissue, pericapillary edema, and a transition to 
cuboidal epithelium. The lesions in the pulmonary 
vessels consisted of intimal thickening, medial 
hypertrophy, and scarring with narrowed lumens. 
The most marked alveolar and vascular changes 
tended to occur in older patients who had had their 
disease for longer periods or in patients with advanced 
disease, right ventricular hypertrophy, radiologic 
evidence of pulmonary fibrosis or hemosiderosis, 
high pulmonary artery pressure, and increased total 
pulmonary and pulmonary arteriolar resistances. 
There were noteworthy exceptions to all clinical 
and laboratory features, none of which consistently 
correlated with the pathologic findings. 

No single feature or group of features was com- 
pletely reliable in determining the degree of pul- 
monary changes present prior to operation nor did 
the pulmonary changes as determined by lung biopsy 
necessarily predict the degree of benefit obtained 
from valvulotomy. 

MAXWELL 


Keyes, J. W., and Lam, C. R.: Recurrence of Mitral 
Stenosis Following Commissurotomy. J.A.M.A. 
155: 247 (May 15), 1954. 

This communication presents the report of a 29 
year old man whose mitral leaflets remained ade- 
quately open for a year and a half after commis- 
surotomy and then re-fused again producing mitral 
stenosis. A second operation produced the same 
dramatic clinical improvement as the first one. Al- 
though recurrence of mitral stenosis after a tech- 
nically adequate operation on the valve is extremely 
rare, when it does occur the possibility of a second 
(or even a third) operation should not be overlooked. 

KITCHELL 


Varnauskas, E. and Werké, L.: Temporary Occlu- 
sion of Interatrial Septal Defect in Man. Scandi- 
nav. J. Clin. & Lab. Investigation, 6: 51 (No. 1) 
1954 
A special catheter has been devised with three 

channels, one ending at the tip and two at the sides 

with two special balloons placed on the catheter so 
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that they may be dilated separately through the 
two channels ending proximately. Each balloon may 
be inflated with 25 ml. fluid. The catheter is passed 
into the right auricle through the septal defect, the 
left auricle and out into a pulmonary vein. The 
distal balloon is then inflated with diodrast and the 
catheter withdrawn until the balloon rests against 
the edge of the septal defect. The proximal balloon 
is then inflated and the defect is thereby closed. In 
this way it is possible to study the effect of exercise 
and drugs with the defect closed, and to register 
the left auricular pressure with the defect open or 
closed. To determine the cardiac output, a second 
catheter is introduced into the pulmonary artery. 
The proximal balloon is deflated and as the distal 
balloon is being deflated, the catheter is slowly pulled 
upon slightly but constantly. The degree of infla- 
tion of the distal balloon when it slips through the 
septal defect permits determination of the size of the 
defect. This technique is said to permit closure of 
only fairly small, well defined septal defects. It is 
said to have been used without difficulty or subjective 
symptoms and with few complications. 
ROSENBAUM 


Storer, J., Lisan, P., Delmonico, J. E., and Bailey, 
C. P.: Physiopathological Concepts of Mitral 
Valvular Disease. J.A.M.A. 155: 103 (May 8), 
1954. 


This study is based on 225 patients with rheumatic 


disease of the mitral valve who were classified into 
three categories. Group 1 comprises those patients 
with pure mitral stenosis. Group 2 constitutes the 
so-called mixed group with mitral regurgitation 
estimated at less than 10 cc. per ventricular systole. 
Group 3 is made up of those patients with pure 
mitral insufficiency where regurgitation was esti- 
mated to be in excess of 10 cc. per ventricular systole. 
Classification is made by a new method of measure- 
ment of regurgitation made by the surgeon at the 
time of operation by the sensation he receives on the 
tip of his gloved finger which is in the auricle at the 
time of operation. The authors state that in this 
method regurgitation is conveniently although very 
approximately estimated in cubic centimeters per 
ventricular systole. Fibrillation predisposes to 
thrombus formation while insufficiency impedes 
this in the cardiac chambers subjected to the re- 
gurgitant jet. Atrial fibrillation plus a stenotic mitral 
valve produce a relative stagnation of left atrial 
blood providing a mechanism helpful to blood 
coagulation. With a mitral valve regurgitation the 
agitation of the contents of the left atrium provided 
by the regurgitant stream gives little opportunity 
for the blood to coagulate in that chamber. It ap- 
pears that insufficiency has a greater role in diminu- 
tion of thrombus formation than does the character 
of the valve. In this series fibrillation was most 
frequent in the primarily regurgitant lesion. In- 
formation available regarding group 2 patients 


suggests that these patients would have exhibite 
purely stenotic lesions at surgery were it not for th: 
appearance of calcification of the valve during th: 
course of disease. Calcification does not alway 
result in an element of regurgitation because 2 
per cent of group 1 showed calcification with n 
insufficiency. There were 20 per cent with calcifie 
valves in group 3 which would suggest there ar 
other factors more important than calcification i 
the production of major insufficiency. It appear 
that the deposition of calcium in the stenotic lesio 
increases the opportunity for the valve to becom 
incompetent while in the regurgitant lesion it ma 
increase the severity of the insufficiency but does no 
seem to be responsible for the primary lesion. Th 
two most significant features of group 2 were seen ii 
the high incidence of valve calcification (76 pe 
cent) and a relative increase in the number of men 
It is felt that a part of the tendency for men witl 
stenotic lesions to develop insufficiency is the mor 
forceful action of the male heart in response to : 
greater work load. The dual threat during surgery 
offered by thrombotic material and valvular calcific 
deposits as a source of emboli is pointed out. Fou 
cerebral emboli occurred during surgery in the 225 
cases. Three of these cerebral emboli occurred in 
group 2 patients and although no proof is available 
it may be that calcium was the dffending agent. 
KITCHELL 


Wright, J. L., Burchell, H. B., Kirklin, J. W., and 
Wood, E. H.: Congenital Displacement of the 
Tricuspid Valve (Ebstein’s Malformation). Proc. 
Staff Meet. Mayo Clinic. 29: 278 (May), 1954. 
The surgical closure of a patent foramen ovale in 

the heart of an adult patient believed to have 

Ebstein’s malformation of the tricuspid valve re- 

sulted in cure of the cyanosis, in alleviation of the 

patient’s symptoms and in a great increase of his 
exercise tolerance. In certain selected cases of 

Ebstein’s malformation in which the venous shunt 

is large and apparently a major factor in the pa- 

tient’s disability, surgical closure of the atrial septal 
defect may be considered as a worth-while palliative 
procedure. 

SIMON 


Fletcher, G., DuShane, J. W., Kirlin, J. W. and 
Wood, E. H.: Aortic-Pulmonary Septal Defect. 
Proc. Staff Meet. Mayo Clinic. 29: 285 (May). 
1954. 

A case of aortic-pulmonary septal defect is pre 
sented. At cardiac catheterization, severe pulmonary 
hypertension and a bidirectional shunt of blood at 
the pulmonary artery level were demonstrated 
Preferential flow of the right-to-left shunted bloo: 
to the descending aorta was demonstrated by simul 
taneous blood oxygen saturation studies and dye 
dilution curves from the right radial and femora 
arteries. Such findings have previously been con 
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idered to be pathognomonic of patent ductus ar- 
eriosus associated with severe pulmonary hyper- 
ension. Pertinent roentgenographic findings which 
night have been given a clue to the correct diagnosis 
ive discussed. 

The onset of ventricular fibrillation and the ef- 
ectiveness of cardiac massage and subsequent 
lectric defibrillation in effecting recovery from 
‘entricular fibrillation is demonstrated by means of 
ontinuous electrocardiographic and arterial pres- 
sure recordings. The feasibility of surgical division 
ind closure of aortic septal defect in at least some 
‘ases is again demonstrated. 

SIMoN 


january, L. E., Bedell, G. N. and Bateman, R. D.: 
Problems of Mitral Valve Disease. J.A.M.A 
155: 231 (May 15), 1954. 

Mitral valve disease today is inseparably linked 
with the surgical treatment of mitral stenosis. How- 
ever, this should not obscure the fact that in the 
final analysis the main concern still lies with the 
unsolved mysteries of rheumatic fever: the mitral 
problem will be resolved not by surgical technique 
hut by increasing knowledge of the disease and the 
discovery of means for its specific treatment and 
prevention. In selecting patients for mitral com- 
missurotomy the authors use a modification of the 
classification proposed by Harkins to separate pa- 
tients into four groups extending from group I 
(the milder cases who do not need surgery) to group 
1V (consisting of the severely incapacitated and often 
hed-ridden patients). The authors feel that the 
eroup IV patients, although seriously and often 
terminally ill, may deserve operation because a few 
of them possibly could be benefited. Group IV pa- 
tients need intensive preoperative measures designed 
to control cardiac failure. Although minor degrees 
of aortic stenosis, aortic regurgitation, or mitral 
regurgitation do not contraindicate operation, 
significant enlargement of the left ventricle is a con- 
traindication. For examination it is necessary to 
ise special techniques other than simple ausculta- 

m. These commonly include roentgenography, 

\oroscopy, electrocardiography, cardiac catheteri- 

nition, and occasionally electrokymography, 

i\onocardiography and ballistocardiography. There 

a great difficulty in demonstrating significant 

‘t ventricular enlargement in the presence of right 

ntricular enlargement by fluoroscopy or radio- 

aphic study. No single criterion is adequate for 

e preoperative recognition of a degree of mitral 

eurgitation sufficient to contraindicate valvotomy 

r mitral stenosis. However, the demonstration of 

finite left ventricular enlargement in physical 

amination, roentgenogram, fluoroscopy or elec- 
cardiogram without concomitant aortic valvular 
sease, hypertension, or cardiac failure, coupled 
th an apical systolic murmur of grade ITI intensity 
louder, is the most reliable combination. A com- 
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bination of two or more of these presumptive signs 
suggests extreme conservatism in recommending 
exploratory cardiotomy. Cardiac catheterization is 
not routinely required in the evaluation of patients 
for surgery. The effects of surgical treatment on 71 
patients (18 men and 53 women) between the ages 
of 19 and 56 years is discussed. Although each was 
carefully studied, in 7 instances there was failure 
to recognize the contraindicating degree of mitral 
regurgitation. The postoperative complications were 
not unusual and the surgical mortality was less than 
5 per cent. It is pointed out that however excellent 
the result from mitral valvotomy, the patient still 
has mitral disease and requires continued medical 
supervision. There is no reason to believe that the 
operation will make it less necessary to recognize and 
adequately treat group A beta hemolytic strepto- 
coccic infections in these patients or that the risk 
of recurrence of rheumatic fever will be changed. 
The patient’s and the physician’s responsibility for 
the prophylaxis of subacute bacterial endocarditis or 
its early recognition or adequate treatment has not 
been ended. 


KITCHELL 


Gray, I. R.: Mitral Stenosis and Hypertension. 

Brit. Heart J. 16: 165 (Apr.), 1954. 

The blood pressure in 200 instances of rheumatic 
heart disease with mitral stenosis were measured 
and, as a control, 200 instances matched for age and 
sex in which uncomplicated peptic ulcer was diag 
nosed. Hypertension is regarded as an incidental 
finding of no great significance. There is no appreci- 
able change in the life expectancy unless the hyper- 
tension is severe when it adds to the disability. 

, SOLOFF 


Whitaker, W.: Total Pulmonary Venous Drainage 
through a Persistent Left Superior Vena Cava. 
Brit. Heart J. 16: 177 (Apr.), 1954. 

Six instances of total pulmonary venous drainage 
of the heart are described. The striking feature is a 
““cottage-loaf’”’ shaped cardiovascular shadow formed 
by an ovoid upper mediastinal mass and an enlarged 
heart. The ovoid mass is produced on the left by a 
persistent left superior vena cava and on the right 
by the dilated right superior vena cava. This 
anomaly is compatible with survival to the third 
decade and may produce little disability. The indi- 
viduals may have dyspnea on exertion and recurrent 
attacks of pulmonary infection. There may be slight 
cyanosis and early clubbing of the fingers. The 
systemic pressure is usually low. There may be a 
prominent left chest wall and the physical character- 
istics of right ventricular hypertrophy. P» is usually 
loud and split. A pulmonic systolic murmur widely 
distributed may be heard and a diastolic murmur 
either at the apex or base or in both regions. The 
electrocardiogram shows either right ventricular 
hypertrophy or right bundle branch block. Radiology 
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is specific. The pulmonary arteries are prominent and 
pulsate. The heart is enlarged, due predominantly 
to the right auricle and right ventricle. Angio- 
cardiography which is not needed for diagnosis is 
more informative if done through the left arm when 
the catheter can be seen to enter the left innominate 
vein, a dilated right superior vena cava and a dilated 
right atrium. Retrograde filling of the mouth of the 
left superior vena cava is seen. The oxygen is fully 
saturated in the pulmonary vein and the left superior 
vena cava. Surgery, as vet, has not been successful 
and was not advised in any of these patients because 
the disability was not regarded as sufficiently severe. 
SOLOFF 


Scott, W. G., Simril, W. A. and Seaman, W. B.: 
Intracerebral Arteriovenous Malformations. Their 
Diagnosis and Angiographic Demonstration. Am. 
J. Roentgenol. 71: 762 (May), 1954. 

On the basis of symptoms and physical findings 
and cerebral angiograms, the authors conclude that 
intracerebral arteriovenous malformations are more 
common than previously believed. The malforma- 
tions can probably be traced to abnormalities in 
embryologic development and they may result in 
intracerebral or subarachnoid hemorrhage. Generally 
the malformations are either arterial-angiomatous or 
result in arteriovenous fistula. 

Cerebral angiography is indispensable in the diag- 
nosis. Ligation of main feeding arteries or of the 


internal carotid artery has on the whole been dis- 

appointing. Surgical extirpation or even radio- 

therapy seem to be preferable in selected cases. 
SCHWEDEL 


CONGESTIVE HEART FAILURE 


Fejfar, Z. and Brod, J.: The Mechanism of General 
Haemodynamic Changes in Heart Failure. Acta 
med. Scandinav. 148: 247 (Fasc. 4), 1954. 

The character of the general hemodynamic 
changes in heart failure was studied in 17 patients 
with heart disease in various stages of congestive 
failure and in 5 normal controls by means of detailed 
observations of the cardiovascular hemodynamics 
before and after intravenous infusion of Dibenamine 
in doses of 3 to 10 mg. per kg. body weight in 100 ml. 
saline given over a period of 29 to 64 minutes. 
Adrenergic blockade was found to reduce the in- 
creased venous pressure in congestive heart failure 
whereas it did not affect the venous pressure of 
normal subjects. A similar effect upon right auricular 
pressure was recorded in three normal persons who 
showed signs of marked anxiety and in this respect 
they differed from all other subjects who were fully 
relaxed. The reduction in venous pressure and right 
auricular pressure occurred irrespective of any 
changes in the cardiac output or alterations on the 
arterial side of the vascular system. The degree of 
reduction in right auricular pressure was directly 
proportional to the degree of its original elevation. 


The authors conclude that the elevation of venou; 
and auricular pressure in congestive heart failure i; 
in large part of nervous (adrenergic) origin. Th: 
observations also disclosed a reduction in periphera 
vascular resistance as a result of adrenergic blockad: 
which was not secondary to any change in cardia : 
competency. The fall in peripheral vascular re 

sistance was greatest in those patients in whom i 

was originally highest. There was a transient increas 

in cardiac output which was secondary to the chang: 
in peripheral vascular resistance. However, ther 

was no correlation between the fall in right auricula : 
pressure and the transient increase in cardiac output 

There was evidence that Dibenamine did not in 

crease the cardiac output by blocking adrenergi 

impulses to the heart. The increase in cardiac outpu 

was associated, in all subjects with heart disease 

with a fall in the arterio-venous oxygen differenc 

and in the utilization of oxygen. However, there wa 

no consistent improvement in vital capacity or th» 
Harrison’s index. 

The authors conclude that when the heart starts 
to fail, there is no gradual passive decline of the 
efficiency of the circulation, instead the whole vascu 
lar system is rebuilt by reflexes originating probabl; 
in interoreceptors of the entire vascular bed stimu 
lated either by a decline in pressure or by some 
metabolic changes, so far undefined. 

ROSENBAUM 


Loogen, F. and Béhm, W.: Isolated Amyloidosis of 
the Heart. Ztschr. f. Kreislaufforsch. 43: 224 
(Apr.), 1954. 

A case is reported of a 62 year old man who died 
in untreatable congestive heart failure and at 
necropsy revealed isolated amyloidosis of the myo- 
cardium. The lesion involved both ventricles and 
atria but the endocardium and the valves were free. 
In no other organ was evidence found of amyloid 
degeneration. 

The clinical symptomatology of this condition is 
discussed and the difficulties in differential diagnosis 
are pointed out. The following combination should 
suggest during lifetime the possibility of amyloidosis 
of the heart: severe heart failure resistant to therapy, 
a flabby heart with weak contraction at fluoroscopy, 
and P-R prolongation, low voltage and ST-T ab- 
normalities in the electrocardiogram. From the 
pathogenetic point of view the reported case is 
classified as a rare instance of atypical isolated 
amyloidosis of the heart. 

Pick 


Orie, N. G. M., van Buchem, F. S. P. and Homar 
N. P. A. A.: Heart Failure in Chronic Pulmonar ° 
Disease. Acta med. Scandinav. 148: 123 (Fase. 2°, 
1954. 

The various factors in the development of co! 
gestive failure in chronic pulmonary disease a1 
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eviewed in reference to pneumonectomy, M. 
3esnier Boeck disease, pure pulmonic stenosis, un- 
omplicated emphysema and emphysema compli- 
ated by infection. These observers confirm the 
pinion of earlier workers that the major factors are 
hose of disturbances in gas exchange occurring in 
mphysema, particularly the low arterial blood 
xygen saturation followed by increased cardiac out- 
ut, overburdening of the heart by resultant hyper- 
olemia and polycythemia, the influence of anoxia 
m the heart muscle, and the pulmonary vascular 
onstriction. The influence of mechanical factors 
ilone appeared small. Heart failure appeared to be 
riggered by bronchial infection producing a fall in 
rterial oxygen saturation to below 80 per cent. 
There may also be a toxic effect of infection upon 
ihe myocardium in some cases. Where there is myo- 
cardial disease due to coronary sclerosis, the con- 
dition of the myocardium is another factor in the de- 
velopment of cor pulmonale. 

It is evident that intensive treatment of infection 
of the airways is of outstanding importance in the 
treatment of cor pulmonale. Oxygen therapy is also 
very important although oxygen should not be used 
in concentrations sufficient to depress ventilation. In 
addition to the other usual measures of treatment, 
phlebotomy is urged if there is an increase in total 
hlood volume. 

RosENBAUM 


Storstein, O. and Tveten, H.: Anomalous Drainage 
of Pulmonary Veins from the Right Lung to the 
Superior Vena Cava with Patent Foramen Ovale, 
as the Cause of Congestive Heart Failure in a 
68-year-old Man. Acta med. Scandinav. 148: 
77 (Fasc. 2), 1954. 

A man is described who was admitted to the 
hospital at the age of 68 years with congestive heart 
failure. The physical findings which included a 
snapping apical first heart sound, a gr. II-III 

stolie murmur, a short rumbling diastolic murmur, 

1 accentuated pulmonic second sound and auricular 

rillation were suggestive of mitral stenosis. How- 

er, cardiac catheterization demonstrated anoma- 
| us drainage of two pulmonary veins into the su- 

‘rior vena cava. The left to right shunt amounted 

| 38 per cent of the pulmonary artery flow. The 

monstration of a greater reduction of the oxygen 
turation in the arterial blood than in the pulmo- 
ry venous blood was felt to be due to a persistent 
ramen ovale with a right to left shunt of 24 per 
nt of the systemic blood flow from the right to the 

‘t auricle. The pulmonary resistance was increased 

ree times above the normal level, imposing a 

eater load upon the right ventricle, increasing its 

ork to about three times normal and ultimately 
ading to right ventricular failure. It is stated that 
ily three patients with this condition and a greater 
ngevity have been reported. 

RosENBAUM 


Fisher, J. W. and Dolehide, R. A.: Fatal Cardiac 
Failure in Persons with Thoracic Deformities. 
Arch. Int. Med. 98: 687 (May), 1954. 

The deformity in these people so hindered their 
general development that their appearance sug- 
gested dwarfism. The cardinal symptom is dyspnea 
which occurs after the deformity reaches its maxi- 
mum, usually at the age of 18 to 20 years. Mild 
dyspnea is usually present for several years; how- 
ever, the length of time from the onset of the more 
acute manifestations to death is relatively short, 
often only several months and occasionally only a 
few days. The mechanics of respiration are inefficient 
in kyphoscoliosis. In order to compensate for this in- 
efficient mechanism, these people increase their 
respiratory volume. They overbreathe and therefore 
suffer the chief symptom—habitual dyspnea. The 
transition from simple dyspnea to severe symptoms 
marks the onset of pulmonocardiac failure. Many 
develop tachycardia, although the exact mechanism 
for this is unknown, Pulmonary infection, respira- 
tory depressants, or any process that further reduces 
pulmonary function and vital capacity in the hunch- 
back may lead to pulmonocardiac failure. Partial 
collapse and infection are but natural results in 
these poorly aerated lungs. Pneumonia, emphysema, 
bronchitis, bronchiectasis, and atelectasis are fre- 
quently associated, and pneumonic areas often fail 
to resolve in the usual manner. The mildest bron- 
chitis may prove fatal to this type of patient, leading 
to asphyxia and death. 

It is believed that deformity of the chest is fre- 
quently not appreciated as an etiologic factor in 
some cases of cardiac failure. Pulmonocardiac failure 
is not analogous to the usual cor pulmonale and 
would appear to stand alone in its clinical mani- 
festations. Because murmurs simulating rheumatic 
heart disease and gallop rhythm are frequently 
present, these cases are often misdiagnosed and 
the chest deformity overlooked as the prime cause of 
the heart failure. It is hoped that with the increased 
use of cardiac catheterization, pressure changes in 
the various heart chambers may shed new light on 
the mechanism of this interesting condition. 

BERSTEIN 


CORONARY ARTERY DISEASE 


Wilson, J. L. and Ward, J. H. Jr.: Acute Myocardial 
Infarction Treated by the Chair Rest Regimen. 
J. A. M. A. 155: 226 (May 15), 1954. 

Thirty consecutive patients with proved myo- 
-ardial infarction have been treated by the chair rest 
regimen. Among the advantages noted with this 
method of treatment are: (1) lower mortality, (2) 
minimal incidence of complications, (3) improved 
patient morale, and (4) shorter convalescence with 
more rapid rehabilitation and return to gainful 
work. None of the complications occurring during 
treatment of the 30 patients, nor any of the 3 
fatalities, were attributable to chair rest care. Ob- 
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servations in this series agree with findings of others 
that persons with acute coronary occlusion who are 
allowed to sit up in a chair receive more complete 
mental and physical rest resulting in fewer compli- 
cations and a lower mortality rate. 


KITCHELL 


Lary, B. G. and deTakats, G.: Peripheral Arterial 
Embolism After Myocardial Infarction. J. A. M.A. 
154: 10 (May 1), 1954. 

The authors report on 8 cases of peripheral 
systemic arterial embolism of the lower extremities 
after acute myocardial infarction in patients with no 
evidence of rheumatic fever. The time of onset of 
these emboli was correlated with the ambulatory 
status of the patients. From such observations atten- 
tion was drawn to the possible factor of immediate or 
early ambulation in the production of embolic phe- 
nomena after myocardial infarction. None of these 
cases were treated with anticoagulants. Six died and 
there were 2 recoveries among these 8 patients who 
were not put to bed after coronary occlusion or 
whose bedrest was very short. 

KITCcHELL 


Woldow, A., Chapman, J. E. and Evans, J. M.: Fat 
Tolerance in Subjects with Atherosclerosis: 
Heparin Effects upon Lipemia, Lipoproteins, and 
Gamma Globulin. Am. Heart J. 47: 568 (Apr.), 
1954. 

The occurrence of an increased degree and dura- 
tion of alimentary lipemia is confirmed in subjects 
with coronary artery disease in comparison with 
normal subjects. At three hours after a fat meal, 
precipitable lipoproteins and lipemia are higher in 
subjects with coronary artery disease than in normal 
subjects. At five hours after fat loading, the levels of 
lipemia and lipoprotein are returning toward fasting 
in normal subjects while remaining elevated in 
subjects with coronary artery disease. It appears that 
heparin or a heparin-like substance may be an active 
factor in normal subjects and initiates the response 
in subjects with coronary artery disease. The re- 
duction in gamma globulin concentration by heparin 
both in vivo and in vitro suggests that a heparin- 
globulin reaction may occur in association with 
clearing of lipemia. 

RINZLER 


Geever, E. F.: Fatal Coronary Heart Disease. 
A.M.A. Arch. Int. Med. 93: 658 (May), 1954. 
Clinicopathologic analysis is presented of 100 

consecutive and unselected cases of fatal coronary 

heart disease with complete necropsy examinations. 

Although some overlapping occurs, at least six 

clinicopathologic patterns are identified and classified 

according to the predominant feature. They are: 

(1) orthodox-occlusion with or without infarction; 

(2) myocardial infarction without occlusion; (3) sub- 

acute or chronic congestive failure; (4) abrupt 


death, no new occlusion or new infarction found; 
(5) clinical features of fresh infarction, none found; 
and (6) death characterized by cerebral embolic or 
thrombotic episodes. 

Other features, such as aneurysm formation, 
rupture, character of the occlusion time required for 
myocardial infarction, survival time, and _ precipi- 
tating factors in abrupt death, are presented and 
discussed, 

BERNSTEIN 


Haubrich, R. and Odenthal, H.: Myocardial In- 
farction in the Kymogram and Electrokymogram. 
Cardiologia 24: 225 (Fasc. 4), 1954. 

In patients with myocardial infarction, the elec- 
trokymogram is superior to the ordinary kymogram 
in the detection and accurate analysis of abnormal 
pulsations. This is demonstrated on 6 patients, 2 
weeks to 2 years after myocardial infarction was 
established with certainty on clinical or electro- 
sardiographic grounds. A silent portion of the cardiac 
border, supposedly a cardinal feature of myocardial 
infarction in the kymogram, is often absent, and if 
found, nearly always can be identified as an artefact. 
Instead, a paradoxical systolic outward movement of 
a circumscribed area has to be considered as the 
pathognomonic sign, but this is clearly demonstrable 
only in the electrokymogram. It occurs within few 
weeks after the infarction, is not related to an 
aneurysmatic prominence of the ventricular wall, 
and remains a significant sign even in patients with 
old infarcts, without any electrocardiographic ab- 
normalities, or those with atypical clinical features. 

Pick 


Kroop, J. G. and Shackman, N. H.: Level of C-Re- 
active Protein as a Measure of Acute Myocardial 
Infarction. Proc. Soc. Exper. Biol. & Med. 8@: 
95 (May), 1954. 

An alpha globulin, which appears in serum when 
inflammation is present in the body, forms a precipi- 
tate with the somatic-C polysaccharides of the pneu- 
mococcus and is called C-reactive protein. Numerous 
studies have shown its existence when any type of 
inflammation is present. This precipitin test was 
thought to be useful in determining “inflammation” 
associated with myocardial infarction. In seven 
patients with coronary occlusion and signs of myo- 
cardial infarction, sera examined gave positive 
precipitin tests for C-reactive protein. In six patients 
with signs of coronary insufficiency, but without 
signs of myocardial infarction, the sera examined 
failed to show positive precipitin tests for this 
protein. It is concluded from these few observations 
that this test is a good indicator of myocardial 
necrosis and “inflammation.” 

HARVEY 


Krook, H.: Acute Non-specific Pericarditis. Study 
in 24 Cases Including Descriptions of 2 with Late: 
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Development into Constrictive Pericarditis. Acta 

med. Scandinay. 148: 201 (Fase. 3), 1954. 

The material presented is drawn from a review of 
ie records of all cases of pericarditis and all cases of 
cute myocardial infarction in patients under age 45 
ears studied in the Malmo Hospital over a period of 
() years. There were 21 cases of acute nonspecific 
ericarditis, by far the most common type of acute 
ericarditis. The various characteristics of this dis- 
rder are reviewed with particular emphasis upon 
omparison with the manifestations of myocardial 
ifaretion. The observations reported here cor- 
espond closely with those of previous reports. It is 
mphasized that the pain in this type of pericarditis 

accentuated by deep respiration, cough and 

,otion and that this occurs early after the onset of 
he disease, whereas such correlation appears late 

hen associated with myocardial infarction. Pos- 
ible occurrence of peritoneal serositis as a mani- 
iestation of generalized serositis is mentioned. 

Two cases are described in which the onset of 
acute, apparently non-specific pericarditis was fol- 
lowed by the development of a picture of chronic, 
constrictive pericarditis. One patient was operated 
upon 6 months and the other 20 months later. The 
results of surgical therapy were very satisfactory. 
Pathological study of the material removed showed 
no evidence of specific inflammation in the peri- 
cardium. In one of these two cases the onset was less 
acute than usual, there was no pain and only rela- 
tively slight elevation of the temperature. It is 
stated that the development of constrictive peri- 
carditis following acute non-specific pericarditis has 
not been reported previously. The question is raised 
that some instances of chronic, constrictive peri- 
carditis which are encountered and for which no 
clear cause can be demonstrated may have a back- 
ground of unrecognized acute non-specific peri- 
carditis. 

RosENBAUM 


Hutton, J. F. K.: Calcification in the Left Auricle. 
Brit. J. Radiol. 27: 306 (May), 1954. 
The author reports two cases of calcification in the 
ft auricle. In one, the calcification took the form 
an almost complete ring 8 cms. in diameter while 
e other probably involved the auricular appendage. 
“here was no difficulty in differentiating these 
lcifications from calcification of a mural thrombus, 
a calcified valve, or calcification of the valvular 
inulus. 


SCHWEDEL 


albraith, B. T. and Norman, S. L.: Dissecting 
Aneurysm of the Aorta. A Diagnostic Approach. 
New England J. Med. 250: 670 (Apr. 22), 1954. 

This report is concerned with a review of the 
terature and nine cases of dissecting aneurysm of 
ie aorta observed by the authors. The diagnosis was 
iade during life in five of the nine cases. It is of 


interest that three of the cases were seen in a single 
year in a town of 20,000 population. It is pointed out 
that the diagnosis will rarely be missed if it is con- 
sidered in every catastrophic condition which begins 
abruptly and is not quite readily diagnosed as some- 
thing else. Bedside observation for murmurs, changes 
in pulsations and other signs and symptoms are said 
to be more valuable in diagnosis of this condition 
than laboratory studies. Hemoptysis occurred in 
three of the nine cases reported here and is said to be 
slight and easily overlooked in some instances. The 
presence of a pale, moist, cold drawn facies of shock 
together with a persistently elevated blood pressure 
is said to be quite characteristic of this disorder. 
Hyperbilirubinemia was present in one-third of the 
cases observed by this author and it is suggested that 
this is due to dissection of or pressure upon the 
arteries of the celiac axis and mesentery. 
RosENBAUM 


Danish, J. M.: Mediastinal Emphysema Compli- 
cating Myocardial Infarction. New England J. 
Med. 250: 677 (April 22), 1954. 

The case of a man 78 years of age is reported. The 
patient had an acute myocardial infarction after 
having had angina pectoris for 10 years. One week 
after the infarction occurred he developed acute 
pulmonary edema associated with severe dyspnea. 
Thereafter he developed mediastinal emphysema 
which was attributed to the cough accompanying 
the acute heart failure. Attention was directed to the 
mediastinum when subcutaneous emphysema was 
discovered. This is believed to be the first report of 
mediastinal emphysema complicating recovery from 
myocardial infarction. 

RosENBAUM 


Guglielmo, L. and Guttadavro, M.: Anatomic Vari- 
ation in the Coronary Arteries. An Arteriographic 
Study in Living Subjects. Acta Radiol. 41: 393 
(May), 1954. 

The authors discuss in detail the anatomic vari- 
ations in the coronary arteries based on an analysis 
of the literature, then deal with coronary arteries 
visualized in the course of thoracic aortographies 
and angiocardiographies in 399 patients. They 
present variations in number (single coronary, the 
usual two arising separately or from a common 
trunk, supernumerary); origin within or outside of 
the sinuses of Valsalva; increase or decrease in the 
branches arising from either the right or left coronary 
arteries, the left descending and circumflex branches, 
and preponderance of either the right or left arteries. 

In 145 patients in whom contrast filling of the 
coronary arteries was obtained, both the right and 
left coronary arteries were invariably present. The 
variations most frequently encountered were those 
of the left coronary artery, either by increased 
number of left branches (three instead of the usual 
two), or by decrease because of the origin of the 
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circumflex and left descending by a single trunk. 
Variations in the anterior descending branch oc- 
curred rarely, but fairly frequently involved the 
circumflex branch. 

The concept of preponderance of the left or right 
coronary arteries could be made. In the opinion of 
the authors, however, this was justified only when it 
was clearly evident that the preponderant artery 
gave rise to one or more important ramifications 
which normally arise from the other coronary artery, 
and in this way supply a more extensive area than 
normally. 


SCHWEDEL 


Pojer, J. and Ninger, E.: On Atypical Cases of the 
Shoulder-Hand Syndrome Following Myocardial 
Infarction. Cardiologia 24: 214 (Fasc. 4), 1954. 
Among 95 cases with myocardial infarction, 15 

complained of atypically localized persistent painful 

sensations and weakness and discomfort. The pa- 
tients showed trophic alterations in the upper 
extremities. In some of the cases, these symptoms 
preceded the myocardial infarct. The authors feel 
that such cases represent abortive forms, or equiva- 
lents, of a shoulder hand syndrome. 

Pick 


ELECTROCARDIOG RAPHY 


Shaw, C. McK., Jr., Goldman, A., Kennamer, R., 
Kimura, N., Lindgren, I., Maxwell, M. H. and 
Prinzmetal, M.: Studies on the Mechanism of 
Ventricular Activity. VII. The Origin of the Coro- 
nary QR Wave. Am. J. Med. 16: 490 (Apr.), 
1954. 

Studying the circumstances under which coronary 
QR waves occurred in a series of 68 infarcts produced 
in dogs by coronary artery ligation, the authors 
found that a mixture of live and dead muscle in the 
outer ventricular layers was usually associated with 
the presence of coronary QR waves. Twenty-six QR 
waves recorded in direct surface leads from 23 
infarcts were analyzed. The occurrence of coronary 
QR waves was independent of the status of the 
deeper ventricular layers. Patients with subendo- 
cardial infarcts were found to show precordial QR 
waves in some instances and normal R or Rs waves 
in other instances. In explanation the authors sug- 
gest that although pure subendocardial infarcts do 
not alter the QRS complex in precordial electro- 
cardiograms, ventricles containing subendocardial 
lesions with some involvement of the superficial 
layers may yield precordial QR waves. 

An explanation of the various types of QRS 
changes seen clinically after coronary artery oc- 
clusion is presented. Death of muscle in the outer 
ventricular layers eliminates or reduces the magni- 
tude of the positive epicardial potential (R wave). 
Negative potentials (Q or S waves) transmitted 
through the dead subepicardial muscle further alter 


the depolarization complex. A mixture of live an | 
dead muscle in the outer ventricular layers may thus 
result in a variety of QRS changes. The type c{ 
complex that occurs depends upon the relatiy> 
magnitude and timing of the reduced positive ep - 
cardial] potential and the transmitted potential. 
Harris 


Von Ahn, B.: The Electrocardiogram in Tobacc 
Smoking during Hypoxia. A Preliminary Accoun . 
Acta med. Scandinay. 148: 101 (Fasc. 2), 1954. 
The effect of tobacco smoking during hypoxi 

upon the electrocardiogram was studied in 46 norm: | 

males, two-thirds of whom were smokers. Whe \ 
hypoxia had been present for six minutes wit 
stabilization of oxygen saturation, heart rate an | 
respiratory rate, tobacco smoke from a cigarette or 

cigar was introduced through a special later: 
mouthpiece or nicotine was given by injection. 

linear correlation was demonstrated between th» 

height of the T waves and the simultaneously o: 

curring increase in the heart rate. It was found tha 

depression in the height of the T waves was no 
greater than would correspond to a similar increase 
in heart rate under physiological conditions. Except 
in isolated cases, hypoxia did not accentuate the 
effect of tobacco upon the electrocardiogram. The 
effect of nicotine was entirely or partly eliminated by 
means of dehydroergotamine. In the younger age 
group the non-smokers reacted more to prolonged 
hypoxia than did the smokers, possibly because the 
daily inhalation of small quantities of carbon 
monoxide in tobacco smoke had accustomed the 
latter to a small though slight degree of hypoxia. 
ROSENBAUM 


Southern, E. M.: Electrocardiography and Phono- 
cardiography of the Foetal Heart. J. Obst. & 
Gynaec. Brit Emp. 61: 231 (Apr.), 1954. 

The history of foetal electrocardiography is _re- 
viewed. The instruments which the author adapted 
were a portable electrocardiograph used with a 
single stage resistance-coupled valve pre-amplifier 
employing photographic recording and a crystal 
microphone, amplifier and filter control of wide fre 
quency with a second galvanometer fitted to the 
electrocardiograph. Recordings are made from 
electrodes of suction cup variety positioned over the 
abdomen giving wide angled diagonal leads fro1 
upper to lower quadrants over the gravid uterus 
Interference factors are many, among which ai 
thickness of material abdominal wall, amount < 
amniotic fluid, foetal and uterine movement, an 
material bowel movement. Recordings were made o 
190 pregnant women and showed 85.8 per cel 
positive tracings. The clinical applications are t 
establish viability, multiple pregnancy, and eval 
ation of foetal distress. Good illustrations of samp! 
records are presented. 

HARVEY 
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E erliner, K. and Huppert, V. F.: Benign Ventricular 
Premature Systoles. Cardiologia 24: 184 (Fasc. 
3), 1954. 

The electrocardiographic appearance of ventricu- 
| r premature systoles was compared in 58 patients 
‘ inieally free from heart disease and in 54 patients 
\ ith various types of cardiac pathology. Particular 
: ttention was paid to the QRS deviation of the pre- 
1 ature beats. In the normal group it varied between 
( 064 and 0.16 second, the last figure occurring only 
i: one case. In the abnormal group, QRS varied 
\ idely between 0.08 and 0.20 second. The authors 
| elieve that a QRS of 0.16 second may be considered 
2s the dividing line between “benign and pathologic”’ 
ventricular premature systoles. The finding of pre- 
mature beats with QRS longer than 0.16 second 
should arouse the suspicion of heart disease. 

Pick 


Elster, K. and Luterotti, M.: Right Ventricular 
Hypertrophy in the Electrocardiogram and the 
Proportion of Mass of the Two Heart Chambers. 
Ztschr. f. Kreislaufforsch. 43: 244 (Apr.), 1954. 
In 17 specimens of hearts with varying degrees of 

right ventricular hypertrophy the muscle mass of 

the two ventricles was determined by a modified 
method of W. Mueller and correlated with electro- 
cardiographic findings. On the basis of these investi- 
gations and of previous data in the literature the 
authors arrived at the following conclusions. 

Signs of right ventricular hypertrophy occur in the 
electrocardiogram only when the mass of the right 
ventricle equals or exceeds that of the left ventricle. 

Two types of electrocardiographic alterations can be 

distinguished. The first, or infantile type, is charac- 

terized by the absence of conduction delay in con- 
trast to the second, or adult type, which, in addition 
to signs of ventricular hypertrophy, shows evidence 
of late activation of the right ventricle. Conduction 
listurbances per se have no relationship to the mass 

the right ventricular muscle and merely indicate 
its damage by chronic strain. The underlying con- 

\iction disturbance may be located at the synapses 
specific with ordinary muscle fibres. A conduction 

'sturbance, when developing parallel to signs of 
pertrophy may mask the latter. Therefore an intra- 

\ ntricular block may be used as indirect evidence 
ventricular hypertrophy. 

Inverted T waves in the right precordial leads are 
t due to “muscular damage” but merely the ex- 
ession of a changed spatial position of the T vector, 
‘ondary to the altered mass relationship of the 
0 ventricles. 

Pick 


] othschuh, K. and Zemke, D.: Investigations Con- 
cerning the Usefulness of Einthoven’s Triangle in 
a “Truncus Model’. Comparison of Measured 
Values with Data Calculated by Einthoven’s and 


Gillard’s Formulas. Ztschr. f. Kreislaufforsch. 43: 

321 (May), 1954. 

In a plexiglass model of the human trunk an 
electrical field was created by introduction of electri- 
cal dipoles of known magnitude and direction. 
Einthoven leads were recorded from the surface of 
the model and the correctness of vectors calculated 
from such leads was tested against the properties of 
the actual vector. As long as the source of the po- 
tential was kept in the center of the model the corre- 
lation was good. When it was moved to an eccentric 
position corresponding to the location of the heart, 
considerable differences were found whether Ein- 
thoven’s or Gillard’s formulas were used for the 
salculations. When however, several dipoles of 
different direction were used with each perpendicular 
to “heart borders” the differences cancelled out and 
the estimated potential differences came very close 
to those actually present. On the basis of such model 
experiments it appears that determinations of the 
electrical axes from Einthoven leads as commonly 
used in human electrocardiography are valid because 
of subtraction of possible sources of error related to 
the eccentricity of the various dipoles of the heart. 

Pick 


Kennamer, R. and Prinzmetal, M.: Depolarization 
of the Ventricle with Bundle Branch Block. 
Studies on the Mechanism of Ventricular Ac- 
tivity. X. Am. Heart J. 47: 769 (May), 1954. 
Intramural and intracavity potentials in experi- 

mental left and right bundle branch block were 

recorded by means of specially designed plunge 
electrodes. 

Purely or primarily positive depolarization com- 
plexes were registered from all parts of the cavity in 
ventricles with complete bundle branch block. In 
incomplete block, the cavity yielded a variety of 
complexes ranging from QS waves of diminished 
amplitude to Rs waves. All parts of the wall of the 
ventricle with complete bundle branch block yielded 
predominantly positive depolarization complexes. 
Intraseptal, intracavity, intramural and epicardial 
leads from ventricles with bundle branch block were 
compared with respect to timing and magnitude of 
the depolarization complexes. The results were in- 
consistent with the classic theory that the initial 
portion of the R wave in epicardial and precordial 
leads results from transmission of septal potentials 
through the cavity and ventricular wall. 

The large positive complexes recorded over 
ventricles with bundle branch block appear to result 
entirely from depolarization of the underlying wall. 
These complexes are abnormal in amplitude, width 
and shape because depolarization of the wall occurs 
in a markedly abnormal manner. 

MaxXWELL 


Smith, L. A., Kennamer, R. and Prinzmetal, M.: 
Studies on the Mechanism of Ventricular Ac- 
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tivity IV. Ventricular Excitation in Segmental and 

Diffuse Types of Experimental Bundle-Branch 

Block. Circulation Research 2: 221 (May), 1954. 

The pattern of ventricular excitation before and 
after bundle-branch block was studied in 20 dogs by 
means of multiple unipolar direct leads. In complete 
bundle-branch block in addition to a delay in the 
onset of activation of the blocked ventricle, the 
spread of activation, once begun, occupies a greater 
time interval; thus, free wall as well as septal factors 
contribute to the increased intraventricular con- 
duction time. 

Two types of incomplete bundle-branch block are 
reported. In the segmental type, delayed excitation 
was found in only a portion of the homolateral 
ventricle, with relatively slight alterations of the 
limb leads. In the diffuse type, various degrees of 
delayed excitation were demonstrable in all areas of 
the homolateral ventricle; this type was accompanied 
by moderate changes in the limb lead complexes. 

The findings suggested that certain segments of 
the ventricular myocardium are supplied by fixed 
portions of the conducting system, without cross 
connections operating physiologically. The clinical 
implications of these studies were considered briefly. 

MAXWELL 


ENDOCRINE EFFECTS ON 
CIRCULATION 
Pullman, T. N. and McClure, W. W.: The Relative 

Roles of Sodium and Chloride in the Salt-Retain- 

ing Action of Desoxycorticosterone in Man. 

Metabolism 3: 240 (May), 1954. 

Normal young males received 40 mg. of DCA 
while receiving varying intakes of sodium and 
chlorides. When the intake was low in sodium and 
high in chloride there was no diminution of salt 
excretion. When the intake was high in sodium and 
low in chloride there was a marked diminution of 
salt excretion. Either a low sodium intake or a low 
sodium was responsible for the abolition of the salt- 
retaining effect of DCA. This modification of DCA 
action could not be attributed to reduction of 
chloride intake or output. It appears that either a 
low sodium intake reduces the renal tubular response 
to DCA or that tubular retention of sodium is 
quantitatively limited so that, when excretion is at a 
minimum, DCA cannot decrease it further. 

SHUMAN 


Russek, H. I., Zohman, B. L. and Russek, A. S.: 
Risk of Thromboembolic Complications from 
Cortisone Therapy. Am. Heart J. 47: 653 (May), 
1954 
The administration of cortisone and corticotropin 

(ACTH) has been reported by some authors to cause 

an increased coagulability of the blood, particularly 

when preexisting serious vascular disease or thrombo- 
phelic tendencies are present. For this reason, the 
authors reported their experience with 86 consecutive 


patients with serious vascular disease who receiy » 
a course of cortisone in relatively large dosage. 

The patients had diagnoses of angina pectoy s, 
coronary insufficiency, acute myocardial infarctic ; 
cerebrovascular occlusion (hemiplegia), apoplec i 
stroke and congestive heart failure; they all receiv 
large dosages of cortisone in a course of thera y 
generally extending over a period of three weeks. 
these patients no thromboembolic phenomena 
other vascular complications were encounte: 
during the administration of the drug or following 
withdrawal. No specific measures were taken 
prevent thromboses except for encouragement 
active and passive motion and frequent change 
position in bed. 

The authors conclude that the theoretic danger 
thrombotic complications from the use of cortiso ie 
is not clinically significant and that underlying d s- 
ease of the heart or blood vessels need not preclu le 
such therapy when proper supervision and sim, le 
precautions are instituted. 

MAXWELL 


Rosenman, R. H., Freed, S. C. and Smith, M. K.: 
Effect of Cortisone on Blood Pressure of Hyper- 
tensive Rats Deprived of Dietary Potassium. 
Am. J. Physiol. 177: 325 (May), 1954. 

Unilateral nephrectomized rats were rendered 
hypertensive by renal figure-of-eight ligature or 
desoxycorticosterone. Their blood pressure was then 


lowered by dietary potassium restriction. Cortisone 

acetate restored the elevation in blood pressure even 

though the potassium deficit persisted. 
OPPENHEIMER 


Roehm, D. C.: Trichinosis: Report of Case Mani- 
festing Myocarditis, Encephalitis and Radial 
Neuritis; Response to ACTH; Review of Litera- 
ture Regarding the Erythrocyte Sedimentation 
Rate. Ann. Int. Med. 40: 1026 (May), 1954. 

A 34 year old bachelor carpenter was admitted 
in a state of amnesia. Three weeks prior to admis- 
sion the patient developed nausea and vomiting, 
followed in several days by watery diarrhea. The 
second week of illness, burning of the eyes became 
quite severe, and a physician administered penicil- 
lin for “conjunctivitis.” Swelling then developed 
about the eyes as well as the hands and feet. Vomit- 
ing had ceased by this time, but diarrhea remaine‘| 
intractable. Finally, several days before admission, 
the patient had evidenced extreme weakness and loss 
of memory. Physical examination on admission 1 
vealed the following: the temperature was 101 F 
the pulse was 110, respirations were 16 and the bloc 
pressure was 95/96 mm. of Hg. The patient was a 
acutely ill, dazed white male who gripped tl 
examining table with both hands in order to sit uw 
right. He was unable to state his age or home a 
dress, or to recount the events of the preceding thre 
weeks of his illness. At times he laughed weak! 
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\ nen he could not reply satisfactorily but he made 
1 » effort to confabulate. There was no outspoken 
) -riorbital edema. The heart sounds were distant; 
| ) murmurs were present. Aside from the sensorial 
fect, neurologic examination was not remarkable. 
he clinical diagnosis of trichinosis was established 

1 the day after admission by muscle biopsy. 

lectrocardiographic abnormalities reached their 

ak seven weeks after the onset of illness. ST and T 
ave abnormalities persisted at least until the 
leventh week but six months later all findings were 

ithin normal limits at rest and after exercise. 

The striking finding in this case was the rapid 
ermination of three crises by ACTH. It was also 
evident that this therapy did not prevent permanent 
injury to the brain and very likely to the heart as 
well. 

WENDKOS 


HYPERTENSION 


Taylor, R. D., Corcoran, A. C., Dustan, H. P. and 
Page, I. H.: Further Evaluation of Hydralazine In 
Treatment of Hypertensive Disease. Arch. Int. 
Med. 93: 705 (May), 1954. 

A reappraisal of a group of patients treated with 
hydralazine confirms the fact that about half the 
patients respond favorably to the drug and shows 
that the response may persist for as long as 30 
months. A favorable response is reflected not only in 
reduction of diastolic pressure to levels averaging 
less than 110 mm. Hg, but also in improved renal, 
cerebrovascular and cardiac status and, most im- 
pressively, in decreased mortality, which among 
responders is about one-fifth of the rate among non- 
responders. 

Discordant views on the effectiveness of hy- 
dralazine in the treatment of hypertensive disease 
seem attributable to various factors (1) a large 
proportion of patients do not respond; (2) impatience 
i the desire for a prompt depressor effect; (3) over- 
cstimation of the significance of side-effects; (4) the 
lick of an ordered schedule of treatment; and (5) 
|.st in order, but not in importance, reliance on 

sual office or outpatient blood pressure determina- 

ms in evaluating response. A regime therapy is 

tlined by which dosage is slowly increased to 800 

s. daily or to any lower fully effective dose, and 

wly reduced thereafter to the minimum dose 

‘ich will maintain the hypotensive effect. 

BERNSTEIN 


schin, A. M., Semerars, D. and Robertazzi, R. W.: 
The Control and Management of Hypertensive 
Crises Developing During Surgical Procedures. 
Anesthesiology 15: 262 (May), 1954. 

The authors discuss the occurrence of hypertensive 
ises of reflex origin as seen by the anesthesiologist 
uring surgical procedures. In patients with tran- 
ction of the spinal cord at or above the fifth 
noracic segment, hypertensive states resulting from 


the mass autonomic reflex response to surgical 
stimulation could be abolished or prevented by the 
intravenous administration of hexamethonium. 
Similar results were obtained with this drug in 
patients with expanding intracranial lesions and 
Graves disease. Case records demonstrating the 
controllability and the clinical applications of the 
method are presented. 
SAGALL 


Ciliberti, B. J., Goldfein, J. and Rovenstine, E. A.: 
Hypertension During Anesthesia in Patients with 
Spinal Cord Injuries. Anesthesiology 15: 273 
(May), 1954. 

The occurrence of hypertension in paraplegic 
patients subjected to anesthesia and surgical pro- 
cedures was studied. In twenty-seven patients with 
complete lesions at the level of the fifth thoracic 
segment or above significant elevations of blood 
pressure (a systolic rise of 50 mm. of mercury or 
more) was observed in 42.5 per cent of the fifty-four 
times that they had undergone surgical manipula- 
tion and general anesthesia. Hypertension did not 
occur consistently in the same patients but appeared 
to be related in some way to the strength of the 
stimulus applied. The reflex could be controlled with 
autonomic ganglion blocking agents such as hexa- 
methonium or tetraethylammonium chloride. A 
second group of thirty-five patients with complete 
lesions at the sixth thoracic segment or below under- 
went general anesthesia fifty-one times. Only two of 
these patients showed a marked rise in systolic pres- 
sure. In thirteen patients in the first group spinal 
anesthesia had been employed and no instance of 
hypertension or headache due to reflex activity was. 
observed. The ideal method of the treatment of such 
hypertensive reactions would be the removal of the 
stimulus. In most cases, however, this is not possible 
since the trigger mechanism is not readily apparent. 
The reflex can be controlled by autonomic ganglion 
blocking drugs or the utilization of spinal anesthesia 
for surgical procedures on the lower part of the 
abdomen or the extremities in these patients. 

SAGALL 


Daniel, P. M., Prichard, M. L. and Ward- McQuaid, 
J. N.: Total Nephrectomy in Rabbits with Chronic 
Hypertension. Clin. Sc. 13: 211 (May), 1954. 
The authors repeated experiments like those 

previously reported, in which the sole remaining 

ischemic kidney of hypertensive rabbits was removed 
several months after the application of a clip to the 
renal artery. In all eight rabbits the hypertension 
was maintained even after the sole remaining kidney 
was removed, and the blood pressure fell only when 
the rabbits were terminal. Histological examination 
showed no vascular lesion. 

The evidence appears to favor the theory that an 
extrarenal factor is responsible for maintaining the 
raised blood pressure in experimental hypertension 
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of long standing. It also appears that the uremia 
which develops in hypertensive rabbits after total 
nephrectomy does not cause fibrinoid necrosis in the 
few days of survival following the nephrectomy. 
ENSELBERG 


Pickering, G. W., Fraser Roberts, J. A. and Sowry, 
G. S. C.: The Etiology of Essential Hypertension. 
III. The Effect of Correcting for Arm Circum- 
ference on the Growth Rate of Arte:ial Pressure 
with Age. Clin. Sc. 13: 267 (May), 1954. 

The authors previously showed that the average 
arterial pressure rose with age in the general popu- 
lation. In order to evaluate the influence of the cir- 
cumference of the arm on the data, it was decided to 
make observations on a second population sample, 
consisting of 209 subjects. The second population 
sample was very similar to the first. In general there 
was not much change in arm circumference with age. 
Women’s arms tended to become fatter and men’s 
arms thinner, but the tendency was slight. When 
systolic and diastolic pressures were corrected for 
arm circumference by using previously reported 
data, the growth rate of arterial pressure with age 
was not significantly changed. 

ENSELBERG 


Hamilton, M., Pickering, G. W., Fraser Roberts, 
J. A. and Sowry, G. S. C.: The Etiology of Essen- 
tial Hypertension. IV. The Role of Inheritance. 
Clin. Se. 18: 273 (May), 1954. 

The authors briefly review previous studies of 
inheritance in hypertension. Their own study is based 
upon 2000 subjects and upon the first degree rela- 
tives of those with as well as without hypertension. 
The relatives of subjects with essential hypertension 
showed higher pressures at all age groups than the 
general population. There was a general parallelism 
of the intensity of hypertension in the subjects and 
their relatives. This was more striking in the higher 
ranges of pressure. The authors feel that they have 
demonstrated two factors in the pathogenesis of 
hypertension, age and inheritance. It is possible that 
a third factor, environmental influences, may be at 
least as important. 

ENSELBERG 


von Euler, U. S., Hellner, S. and Purkhold, A.: 
Excretion of Noradrenaline in Urine in Hyper- 
tension. Scandinavian J. Clin. & Lab. Investi- 
gation 6: 54 (Fasc. 1), 1954. 

The noradrenaline secretion in the urine was 
measured by the technique of Euler and Hellner in 
500 unselected cases of essential hypertension. The 
noradrenaline secretion was within normal limits in 
66.2 per cent (less than 57.6 wg per 24 hours) and 
increased in 16.4 per cent of the cases (above 86.4 
pg per 24 hours). The proportion of males with high 
excretion levels was in excess up to age 30 but not in 
the age groups beyond that level. It is mentioned 


that the percentage of hypersecretors correspon |s 
closely to the percentage of patients showing a 
favorable response in blood pressure after symp i- 
thectomy and that although this may be fortuitor s, 
it is suggestive of a causal relationship. The occ r- 
rence of an increased noradrenaline excretion a d 
presumably production, in essential hypertensiy »s 
suggests that this factor may be of significance in t \e 
pathogenesis in a certain proportion of such cases. 
ROSENBAUM 


Silver, A. W., Kirklin, J. W., Ellis, H. F. Jr. a 
Wood, E. H.: Regression of Pulmonary Hype- 
tension After Closure of Patent Ductus A 
teriosus. Proc. Staff Meet., Mayo Clinic. 29: 2'; 
(May), 1954. 

Evidence is presented indicating that the seve 
pulmonary hypertension sometimes associated wi 
a patent ductus arteriosus may be reversible ( 
least in some cases) after surgical closure of ti 
ductus. In the patient presented, when the ductis 
was closed, the factor of increased flow was elimi- 
nated. Anatomic changes in the pulmonary vessels, 
however, are not immediately reversible. Indee(, 
intimal lesions, which were not seen in this patient, 
are probably not reversible since they are mainly 
composed of fibrous tissue. Medial hypertrophy of 
the pulmonary arteries, being muscular in nature, 
should be reversible once the stimulus for this hyper- 
trophy is removed. This is the objective of those 
who advocate early surgical attack on the ductus in 
those patients with pulmonary hypertension. 

SIMON 


Wyngaarden, J. B., Keitel, H. G. and Isselbacher, 
K.: Potassium Depletion and Alkalosis. Their 
Association with Hypertension and Renal In- 
sufficiency. New England J. Med. 250: 597 
(Apr. 8), 1954. 

This report is concerned with a man aged 46 years 
with malignant nephrosclerosis, a disorder commonly 
associated with excessive potassium loss in the urine 
and an inability to conserve fixed cations. This 
patient displayed evidence of uremia, alkalosis and 
potassuria with hypokalemia. On two occasions 
potassium and sodium chloride administration re 
stored positive potassium balance, with increases in 
serum and erythrocyte concentrations of potassium, 
rise in serum chloride concentration and fall in 
serum carbon dioxide content to normal. When the 
potassium and sodium chloride supplements wee 
omitted the potassium deficiency returned, the serw1 
chloride and sodium concentration fell once more an | 
the carbon dioxide content rose. In this case the 
alkalosis could not be attributed to gastrointestin: ! 
losses, adrenocortical hyperfunction, ingestion «° 
alkali or use of mercurial diuretics. There we! 
alkaline urines in this patient suggesting a shift 
hydrogen into cells contributing to the extra-cellul: 
alkalosis. If this alkalosis had been of renal origi 
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a id urine would have been present. It is also pointed 
0 t that the alkalosis may have caused further renal 
i) :pairment and loss of potassium. 

RosENBAUM 


PATHOLOGIC PHYSIOLOGY 


} ennamer, R. and Prinzmetal, M.: The Cardiac 
Arrhythmias. New England J. Med. 250: 509 
(Mar. 25), 250: 562 (Apr. 1), 1954. 

Recently developed knowledge concerning the 
:rrhythmias is reviewed at length in this pair of 
reports. Newly developed hypotheses are contrasted 
with those of earlier students of the problems. 

Concerning the atrial arrhythmias, the circus- 
movement theory is contrasted with that of a repeti- 
tively discharging ectopic focus. Recent high-speed 
cinematographs in a patient undergoing mitral com- 
missurotomy and having spontaneous auricular 
flutter are said to have shown simultaneous con- 
traction of the left and right atrial appendages, evi- 
dence in accord with the ectopic focus theory. The 
study of the course of the atrial activation wave by 
means of esophageal and precordial leading is said to 
have disclosed some evidence in accord with and 
some in conflict with the circus-movement theory. 
Limb and precordial leads in a large number of cases 
of spontaneous flutter showed isoelectic intervals, 
evidence supporting the ectopic focus theory. 
Demonstration of P’ and Ta components in the un- 
dulatory waves of flutter and measurement of the 
P’-P’ intervals is also felt to support the ectopic 
focus hypothesis, as does the production of flutter by 
establishing an ectopic focus with aconitine in dogs 
hy the technique of Scherf. The production of pro- 
longed periods of poststimulatory flutter after the 
intereaval bridge was blocked with cocaine or 
crushed before electric stimulation by Rosenblueth 
and Garcia Ramos is said to be the strongest support 
for the cireus-movement theory since the work of 
lewis 

High-speed cinematographs of the exposed heart, 

rect lead electrocardiograms and double-lead 

ctrocardiograms recorded with a cathode-ray 

‘illoseope are all reported to have vielded evidence 

egesting a multifocal disturbance rather than a 

cus-movement mechanism in patients with 

ricular fibrillation. Spontaneous auricular fibril- 

‘ion in man is said to be a chaotic heterorhythmic 

turbance consisting of large waves at irregular 
tes of about 300 per minute and small waves ap- 
wing at much higher frequencies. Clinical fibril- 
ion is considered to represent an advanced degree 
conduction failure occurring when the atrial rate 
iches a critical level, designated as the “fibrillation 
reshold.”” These authors state that there is no 
ectrical or mechanical evidence of circus movement 
direct-lead electrocardiograms or high-speed films 
corded during surgery or in esophageal lead oscil- 
grams in patients with auricular fibrillation. 

Among the factors which have been observed to 


‘ause atrial arrhythmias are cardiac catheterization, 
emotional disturbances, digitalis, masked hyper- 
thyroidism, and hemochromatosis. So far as dis- 
orders of rhythm associated with the Wolff-Parkin- 
son-White syndrome are concerned, Fox and his 
associates are reported to have attributed them to a 
decrease in “vagus substance.”’ Other investigators 
are reported to ascribe the Wolff-Parkinson-White 
syndrome to a disturbance of the atrioventricular 
node. 

The authors have concluded that the commonly 
accepted criteria for the diagnosis of flutter are con- 
fusing and often meaningless. It is felt that there is 
no physiologic basis for distinguishing between atrial 
tachycardia with block and flutter. A proposal is 
reported whereby all arrhythmias now designated as 
atrial tachycardia or flutter would be classified as 
variants of supraventricular tachycardia with an 
added diagnostic term concerning the atrial rate, con- 
figuration of the atrial deflection and the site of the 
ectopic focus. It is mentioned that Wolff has pointed 
out that paroxysmal auricular fibrillation may be the 
earliest manifestation of pulmonary embolism. 

Studies of ventricular extrasystoles and ventricu- 
lar tachycardia have suggested that in this disorder 
contractions spread out radially in all directions 
from a single focus. Various types of study are said 
to have disclosed nothing to suggest a circus move- 
ment. Recent reports concerning the etiology of 
ventricular arrhythmias have included hypoxia, 
reflexes from vagal stimulation and anaesthesia—all 
during thoracic and general surgical procedures, 
cardiac catheterization, carotid sinus stimulation, 
eyeball pressure, tetraethylammonium chloride, 
Nikethamide, Dilatin, digitalis, quinidine, Pronesty], 
potassium intoxication, emotional disturbances and 
exercise in patients with coronary insufficiency. 

The drugs and measures employed in the treat- 
ment of disordered cardiac rhythm are also reviewed 
in detail. The authors favor the view that depression 
of excitability rather than depression of conductivity 
is responsible for the anti-arrhythmic action of 
quinidine. It is mentioned that acetyl strophanthidin 
is a very rapidly acting digitalis preparation but a 
few ominous toxic reactions have been reported and 
for this reason it is felt that oubain is considerably 
safer and its speed of action is sufficiently rapid. Al- 
though it was originally thought that Pronestyl was 
preferable to quinidine for intravenous therapy, this 
may not be true in the light of new developments 
regarding the administration of the latter drug. 
Furthermore, recent studies have not supported the 
initial belief that Pronestyl was far superior to 
quinidine in the treatment of ventricular arrhythmias. 

ROSENBAUM 


Litter, J. and Wood, J. E.: The Volume and Dis- 
tribution of Blood in the Human Leg Measured 
In Vivo. I. The Effects of Graded External Pres- 
sure. J. Clin. Invest. 33: 798 (May), 1954. 
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In the study of venous tone in the extremities, 
venous pressure-volume curves obtained by con- 
gestion of the venous tree may be useful. Such 
curves, however, should be measured from a con- 
stant reference point of venous volume and effective 
venous pressure. The authors describe a technic in 
which a constant base line is obtained when an 
external pressure equal to or greater than the natural 
local venous pressure is applied to the leg. This is 
done by measuring the volume of blood in the human 
leg by a plethysmograph at graded external pres- 
sures. In the course of these observations, it appeared 
that the combined volume of the capillaries, ar- 
terioles, and arteries is small regardless of the effect 
of pressures in these vessels. The volume and dis- 
tribution of blood in the leg at rest are, essentially, 
functions of the effective venous pressure. 

WalIFE 


White, A. G.: Diabetes Insipidus Associated with 
Edema. Report of a Case with Discussion of the 
Physiologic Implications. New England J. Med. 
250: 633 (Apr. 15), 1954. 

The author reports a case of diabetes insipidus in 

a man aged 58 years. The underlying lesion ulti 

mately proved to be a primary bronchogenic car- 

cinoma with metastatic destruction of the posterior 
lobe of the pituitary gland. In addition there was 
massive edema of the lower extremities believed to 
be due to sodium retention secondary to adreno- 
cortical hyperfunction and congestive heart failure. 
Hypokalemia, hypernatremia and hyperchloremia 
were other features of the clinical picture. This pa- 
tient is considered to be of particular interest from 
the point of view of water retention and edema for- 
mation in spite of the virtual absence of the neuro- 
hypophyseal antidiuretic hormone. It is concluded 
that this antidiuretic hormone may be a contributing 
factor in water retention in hepatic and cardiac 
disease but it is not, apparently, an absolutely essen- 
tial one. It is also of interest that this patient de- 
veloped pulmonary edema during a Hickey-Hare 
test (the intravenous administration of hypertonic 
saline solution) performed at a time when the rate of 
urinary flow exceeded the rate of the saline infusion. 
RosENBAUM 


Felder, D., Russ, E., Montgomery, H. and Horwitz, 
O.: Relationship in the Toe of Skin Surface 
Temperature to Mean Blood Flow Measured 
with a Plethysmograph. Clin. Sc. 13: 251 (May), 
1954. 

The authors describe a method of recording skin 
temperature and adjacent air temperature of the 
toes during venous pressure plethysmography. 
They showed that there was a fairly good relation- 
ship of blood flow to skin temperature at room tem- 


perature of 18.5 to 22.5 C. From the curve of ec r- 
relation, several intermediary points can  ¢ 
ascertained: a constant skin temperature of 24 ). 
indicates a blood flow of 3 cc per 100 ce per minute; 
a temperature of 29 C., a flow of 10 cc; and a temp: r- 
ature of 32 C., a flow of over 30 ce per 100 ce yer 
minute. The skin temperatures give a better in i- 
cation of blood flow in the lower ranges. The : ir 
temperature within the cup averaged 3.3 C. higl er 
than room temperature, but it was felt that this h id 
no significant influence on flow. 
ENSELBER( 


Turner, L. W. and Lansbury, J.: Low Diasto ic 
Pressure as a Clinical Feature of Rheumatcid 
Arthritis and Its Possible Etiologic Significance. 
Am. J. M. Se. 227: 503 (May), 1954. 

An analysis of the hospital records of 320 patienis 
with rheumatoid arthritis was made by the autho:s 
in order to compare admission blood pressures wi h 
the average pressure readings of an unselected group 
of patients from the literature. It was of interest :o 
note that the average diastolic pressure in tlie 
arthritic group for all decades remained at the level 
of 75 mm. of mercury. The averages of diastolic 
pressures for control rises with each decade. 

ABRAMSON 


King, B. D., Elder, J. H., Proctor, D. F. and Dripps, 
R. D.: Reflex Circulatory Responses to Trachial 
Intubation Performed Under Topical Anesthesia. 
Anesthesiology 15: 231 (May), 1954. 

The circulatory changes produced in twenty-one 
fully conscious patients in regard to the blood pres- 
sure, cardiac rate and cardiac rhythm were studied 
after topical anesthesia, laryngoscopy and tracheal 
catheter insertion. In most cases the application of 
topical anesthesia was followed by an increase in 
blood pressure and pulse rate. Similar changes were 
also produced by laryngoscopy and _ tracheal in- 
tubation. The latter procedures, however, occasion- 
ally induced transient cardiac arrhythmias. These 
were not frequent or serious and consisted mainly of 
premature ventricular contractions. The responses 
observed after instrumentation were qualitatively 
similar to those seen during light general anesthesia. 
Although the importance of these reflex circulatory 
responses to intubation in the conscious and anes- 
thetized patient cannot be completely assessed the 
authors believe that the pressor effect, increase: 
pulse rate, and cardiac arrhythmias so induce’ 
probably would not be harmful to the normal circv- 
latory system. The most logical attitude towars 
these circulatory reflexes is one of moderation, for 
procedures aimed at eliminating or preventing ther 
may be more detrimental to the patient than th> 
condition that the physician is trying to avoid. 

SAGALL 
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AHA ANNOUNCES AWARDS 
TO 115 INVESTIGATORS 

A total of 112 research investigatorships and 
ellowships have been approved by the Board 
if Directors of the American Heart Association 
or the fiscal year beginning July 1, 1955. In- 
‘luded were 3 career investigators, 48 estab- 
ished investigators and 64 research fellows. 
This is the first of two groups of awards to be 
announced by the National Office this year. 
Monies for these awards are provided by re- 
ceipts from the 1954 Heart Fund. 

The newest awards approved by the Board 
amount to $695,000, nearly 50% more than 
the $509,300 allocated for investigatorships 
and fellowships last year. An _ additional 
$489,756 was given in grants-in-aid last year. 
The latest allocations bring the total amount 
designated by the Association and its affiliates 
for research support to more than $10,000,000 
since the reorganization of the Association as a 
voluntary health agency in 1948. The list of 
award winners follows at the end of this sec- 
tion. 


NEW ASSOCIATION STATEMENT CON- 
TAINS LATEST RHEUMATIC FEVER 
KNOWLEDGE 


The revised Association statement on ‘“Pre- 
ntion of Rheumatic Fever and Bacterial 
idocarditis Through Control of Streptococcal 
feetions,” which was published in the Feb- 
ary issue of Circulation, is now available in 
orint form from the Association and _ its 
iliates as well as from the National Heart 
stitute of the United States Public Health 
rvice and state and local health departments. 
ie statement incorporates knowledge of new 
vances in preventive technique made since 
e Association’s first rheumatic fever preven- 
mn statement was published in January, 1953. 
The statement is being distributed to more 
an 100,000 physicians by the Association and 
' 1,500 state and local health officers by the 
ational Heart Institute. It is also being used 


as a basis for printed and audiovisual materials 
designed to give parents, teachers, nurses and 
social workers the knowledge needed to co- 
operate with the medical profession in pre- 
venting rheumatic fever. The medical prophy- 
laxis statement deals with the two major aspects 
of rheumatic fever control, prevention of first 
attacks and prevention of recurrences. It was 
prepared by the Committee on Prevention of 
Rheumatic Fever and Bacterial Endocarditis 
appointed by the American Heart Association’s 
Council on Rheumatic Fever and Congenital 
Heart Disease. 

In order to secure the informed and intelli- 
gent cooperation from the general public which 
is necessary to the medical profession’s success 
in the effort to prevent rheumatic fever, the 
American Heart Association and its affiliates 
in conjunction with the National Heart In- 
stitute are launching a vigorous campaign to 
guide communities toward the establishment 
of effective rheumatic fever prevention pro- 
grams. A “Stop Rheumatic Fever’ educational 
materials unit has been prepared to provide 
parents, teachers, nurses and social workers 
with information needed for such cooperation. 
The following materials are included: 

1. “Now You Can Protect Your Child 
Against Rheumatic Fever,” a pamphlet 
which features a chart advising parents on 
“When to Call Your Doctor and What to 
Tell Him About Your Child’s Sore 
Throat.” 

. A cartoon film, “Stop Rheumatic Fever,” 

produced by Transfilms, Inc. for the 
National Heart Institute in cooperation 
with the American Heart Association, 
which presents to a lay audience, basic 
information on rheumatic fever preven- 
tion through control of streptococcal in- 
fections. 
A discussion guide for use with the film 
which makes it a suitable accompaniment 
for a physician’s lecture on rheumatic 
fever. 
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4. A pamphlet for adults, “Stop Rheumatic 
Fever,” summarizing the information 
contained in the film. 

. “What You Should Know About Rheu- 
matic Fever,” a question-and-answer 
leaflet for the general public which gives 
background information on rheumatic 
fever. 

Reprints of the lay materials as well as of 
the prevention statement for physicians are 
available from local heart associations and 
health departments or from the American 
Heart Association, 44 East 23rd Street, New 
York 10, N. Y., and from the Heart Informa- 
tion Center, National Heart Institute, United 
States Public Health Service, Bethesda 14, 
Maryland. 


PROTECTION AGAINST ENDOCARDITIS 
IN DENTAL MANIPULATIONS 


The problem of protecting dental patients 
against bacterial endocarditis is treated exten- 
sively in the leaflet, How the Dentist Can 
Protect His Patient Against FPacterial Endo- 
carditis. The illustrated folder urges dentists to 
ask patients undergoing extractions or any 
other dental procedures whether they have 
had or do have rheumatic heart disease or a 
congenital heart defect. When the answer is 
affirmative, prophylactic utilization of penicil- 
lin is recommended. The dosage and methods of 
administration are specified in a chart which is 
included in the leaflet. The folder was prepared 
by the Association in consultation with the 
American Dental Association. 


CARDIAC CONVALESCENT HOMES 


As active rheumatic fever abates, the 
physician is often confronted with the problem 
of deciding whether a child will do better 
during the convalescent state in his own home 
or in an institution. In this situation, the 
newly-issued manual, Standards for General 
Convalescent Homes Caring for Cardiac Chil- 
dren, provides a reference guide. Th2 statement, 
originally prepared by the New York Heart 
Association, is now available through the 
American Heart Association and its affili- 
ates. 


CARE OF YOUNG RHEUMATIC 
PATIENT IS SUBJECT OF 
NEW FILM 

The treatment and_ rehabilitation of 
youngster after a rheumatic fever attack i 
dealt with in “The Valiant Heart” a half-how 
human interest film produced for and bein; 
distributed by the Association and its affiliates 

“The Valiant Heart” particularly emphasize 
the importance of mobilizing all communit: 
resources, starting with the young patient’ 
immediate family and including the physicia: 
in general practice, the cardiologist, the tow: 
hospital, the public health nurse, the schoo 
authorities and the neighbors, in caring for th: 
rheumatic fever victim through the acute an 
convalescent stages. The film was produced fo 
the American Heart Association by MP 
Productions with funds provided by E. R 
Squibb and Sons. George C. Stoney was the 
writer and director. 


DIAGNOSIS OF CONGENITAL HEART 
DEFECTS 

A revised edition of the manual, Diagnosis of 
Congenital Heart Defects in General Practice, has 
been prepared for the Association and _ its 
affiliates by Regina Gluck, M.D., Assistant 
Clinical Professor of Pediatrics, Children’s 
Medical Service, Bellevue Hospital, New York. 
The new edition contains expanded information 
on those defects which may be treated sur- 
gically—patent ductus arteriosus, pulmonary 
stenosis, tetralogy of Fallot, coarctation of the 
aorta and vascular ring. It emphasizes restraint 
on the part of a general practitioner in either 
predicting surgery or definitely ruling out the 
possibility until the subject has been fully 
examined by a cardiologist. It also cautions 
against imposing excessive restrictions on 
cardiac children. 

Diagnosis of Congenital Cardiac Defects i: 
available to cardiologists, general practitioners 
hospitals and clinics from the American Hear 
Association, 44 East 23rd Street, New Yor! 
ea. 2. 


PLAN THREE DAYS OF SCIENTIFIC 
SESSIONS AT ANNUAL MEETING 


The annual Scientific Sessions are planne: 
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{or the first three days of the 1955 American 

|‘eart Association Annual Meeting to be held 

:( the Jung Hotel, New Orleans, October 22- 

Lilie 

REGIONAL MEETINGS 
A series of six regional meetings in which 
oth medical and lay persons active in the 
ssociation and its affiliates will gather to 

:ssist local associations in program develop- 
inent will be held this Spring. One full day 
of each meeting will be devoted to discussion 
of the rheumatic fever prevention program. 
i‘mphasis will be placed on participation of 
physicians in these discussions. The schedule 
of meetings follows: 

Southern Region, March 30-31, Andrew Jackson 
Hotel, Nashville, Tenn. 

New England and New York Region, April 6-7, 
Northfield Hotel, East Northfield, Mass. 

Middle Atlantic Region, April 13-14, Lord Balti- 
more Hotel, Baltimore. 

North Central Region, April 20-21, Leland Hotel, 
Aurora, Ill. 

West Central Region, May 11-12, Town House, 
Kansas City, Kan. 

Pacific and Rocky Mountain Region, May 19-20, 
Hotel Mar Monte, Santa Barbara, Calif. 
CARTOON FILM SEEKS TO DISPEL 
HEART DISEASE MISCONCEPTIONS 
Popular misconceptions and exaggerated 

fears about heart attacks and heart disease so 

‘ten encountered by physicians are dispelled 
rough the medium of an animated color 

‘rtoon, “Pump Trouble’ now being dis- 

buted by the Association. 
‘Pump Trouble’ employs the blend of 
mor, art and music which has won wide 
ognition for its producers, UPA (United 
nductions of America). The 13!4-minute 
or cartoon, made for the Association, 
tures as its central figure, Cordell Pump, 
ose Overactive imagination convinces him 
is the victim of a heart attack. He is pre- 
‘ed to resign himself to invalidism or worse 
til his doctor clears up his false notions. 


CARDIOVASCULAR RESEARCH 
TRAINING PROGRAM TO BE 
HELD AT GEORGIA 


A postgraduate cardiovascular research and 
ining program, jointly supported by the 


American Heart Association and the National 
Heart Institute of the U. S. Public Health 
Service, will be conducted at the Departments 
of Physiology and Pharmacology, Medical 
College of Georgia, Augusta, Ga., starting on 
July 1. A stipend of $3,400 plus $350 for each 
dependent and certain expenses will be pro- 
vided to participants. Inquiries and requests 
for application forms should be addressed to 
either of the directors of the program, Dr. W. F. 
Hamilton or Dr. R. P. Ahlquist, Medical 
College of Georgia, Augusta, Ga. 


CONFERENCE ON PUBLIC HEALTH 
ASPECTS OF PEDIATRIC 
CARDIOLOGY 


The Seventh Conference on “The Public 
Health Aspects of Rheumatic Fever and 
Pediatric Cardiology” conducted by the De- 
partment of Pediatrics of the Grace-New 
Haven Community Hospital will be held from 
March 28 through April 7. 

Physicians, nurses, medical social workers 


and all others concerned with carrying forth 


state or local rheumatic fever programs are 
invited to attend the conference. 

Requests for additional information or ap- 
plications for attendance should be addressed 
to Ruth Whittemore, M.D., Director, New 
Haven Rheumatic Fever and Cardiac Program, 
Department of Pediatrics, Yale University 
School of Medicine, 333 Cedar Street, New 
Haven 11, Conn. 


GORDON RESEARCH CONFERENCE 
ON BLOOD, JUNE 13-17 


The Gordon Research Conference on Blood, 
named in honor of Neil E. Gordon, will be 
held at the Kimball Union Academy, Meriden, 
New Hampshire, June 13-17. This is the first 
conference on blood to be held in a series of 
scientific meetings initiated in 1931. The con- 
ference will be devoted to informal presenta- 
tions and exchanged of information on current 
and proposed research programs. Among the 
topics to be treated is Blood Lipids—Their 
Form, Stability and Fate. Those interested in 
contributing papers and in participating may 
secure full information from Herbert L. Davis, 
Ph.D., Department of Biochemistry, Univer- 
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sity of Nebraska College of Medicine, Omaha 
5, Nebraska. 


MEETINGS CALENDAR 


March 17-19: International Symposium on Cardio- 
vascular Surgery, Henry Ford Hospital, Detroit, 
Mich. Dr. Conrad R. Lam, 2799 West Grand 
Boulevard, Detroit 2. 

March 20-23: Aero Medical Association 26th Annual 
Meeting, Washington, D.C. Lt. Col. J. B. Swee- 
ney, Office of the Surgeon General USAF, Wash- 
ington 25, D.C. 

April 5: Second Microcirculatory Conference for 
Physiology and Pathology sponsored by the 
American Association of Anatomists, Benjamin 
Franklin Hotel, Philadelphia. 

April 10-16: American Society of Experimental 
Pathology, San Francisco. Cyrus C. Erickson, 
847 Union Avenue, Memphis 3. 

April 10-16: American Society for Pharmacology 
& Experimental Therapeutics, San Francisco. 
Carl C. Pfeiffer, 1853 W. Polk Street, Chicago 12. 

April 23-29: Industrial Medical Association, 
Buffalo, N. Y. H. Glenn Gardiner, Inland Steel 
Co., East Chicago, Ind. 

April 24-29: Inter-American Congress of Radiology, 
Shoreham Hotel, Washington, D.C. Dr. Eugene 
P. Pendergrass 3400 Spruce Street, Philadelphia 4. 

April 27-29: American Surgical Association, Phil- 
adelphia. R. Kennedy Gilchrist, 59 East Madison 
Street, Chicago 3. 

May 1: American Federation for Clinical Research, 
Atlantie City, N. J. Dr. William H. Beierwaltes, 
University Hospital, Ann Arbor, Mich. 

May 2: American Society for Clinical Investiga- 
tion, Atlantic City, N. J. J. D. Meyers, 622 West 
168th Street, New York 32. 

May 3-4: Association of American Physicians, 
Atlantic City, N. J. W. Barry Wood, Jr., 600 8. 
Kingshighway Blvd., St. Louis. 

May 6-8: Student American Medical Association, 
Chicago. Russell F. Staudacher, 510 N. Dearborn 
Street, Chicago 10. 

May 8-13: Society of American Bacteriologists, 
New York. J. H. Bailey, Sterling-Winthrop 
Research Institute, Rensselaer, New York. 

May 23-27: National Tuberculosis Association, 
Milwaukee. Mrs. Morrell DeReign, 1790 Broad- 
way, New York 19. 

May 1955: American Scciety of Neurological 
Surgeons, Chicago. Bronson 8. Ray, 525 E. 
68th Street, New York 21. 

June 3-4: American Rheumatism Association, Hctel 
Dennis, Atlantic City. W. H. Kammerer, 33 East 
61 Street, New York 21. 

June 5: Society for Vascular Surgery, Atlantic City, 
N. J. George D. Lilly, 25 S.E. Second Ave., 
Miami 32. 


June 6-10: American Medical Association Annual 
Meeting, Atlantic City. Dr. George F. Lull, 535 \, 
Dearborn Street, Chicago 10. 

June: American Rheumatism Association, Atlan ic 
City, N. J. W. H. Kammerer, 33 E. 61st Stre t, 
New York 21. 


ABROAD 


April 1-5: Japan Medicai Congress, Kyoto Univ: r- 
sity and Kyoto Prefectural Medical Colle: e, 
Kyoto. Dr. Mitsuhary Goto, University Hospit 1, 
Medical Faculty of Kyoto University, Kyo‘) 
Japan. 

April 10-18: International Congress of Urolog : 
Athens. Dr. Z. Kaires, 25 rue Voukourestic 1, 
Athens, Greece. 

May 23-26: International Surgical Congress, 
Geneva, Switzerland. Dr. Max Thorek, 15 6 
Lake Shore Drive, Chicago, IIl. 

May 26-31: International Congress of Comparati-e 
Pathology. Lausanne. Professor Hauduroy, 9 
rue Cesar Roux, Lausanne, Switzerland. 


AHA AWARD WINNERS 


Following is a complete list of Career In- 
vestigators, Established Investigators and 
Fellows selected by the Research Committce 
of the Association: 


Career Investigators 


Lorber, Victor, University of Minnesota Medical 
School, Minneapolis. 

Pappenheimer, John, Harvard Medical School, 
Boston. 

Coons, Albert H., Harvard Medical School, Boston. 


Continued Established Investigators 


Aikawa, Jerry Kazuo, immunophysiology, Uni- 
versity of Colorado School of Medicine, Denver 
Cavert, Henry Mead, metabolism and permeability of 
heart tissue investigated with isotopic techniques, 
University of Minnesota Medical School, Min- 

neapolis. 

Cohn, Mildred, mechanisms of phosphorylation and 
phosphate transfer reactions, Washington Uni- 
versity School of Medicine, St. Louis. 

Conn, Hadley L., Jr., a study of the alterations in 
pressure-volume-flow relationships within tie 
cardiovascular system produced by direct eardio- 
vascular stresses; and the effect of these alteratio's 
on transcapillary kinetics and organ metabolisi., 
University of Pennsylvania Medical Scho:|, 
Philadelphia. 

Curran, George Lally, the metabolic aspects of ear:l' »- 
vascular disease with particular reference to lip d 
metabolism, University of Kansas Medical Cent: ° 
Kansas City. 
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drell, William, biochemical studies of the sympa- 
thetic nervous system in relation to cardiovascular 
function, University of California School of Medi- 
cine, Los Angeles. 

ickstein, Richard W., the coronary collateral cireu- 
lation; the oxygen consumption of the right ven- 
tricle, Western Reserve University School of 
Medicine, Cleveland. 

Sdelman, Isidore Samuel, body water and electrolytes 
studied with tracers, University of California 
School of Medicine, San Francisco. 

Elkinton, J. Russell, cardiovascular physiology, 
University of Pennsylvania School of Medicine, 
Philadelphia. 

‘ishman, Alfred P., cardiodynamie and renal inter- 
play in the production of congestive heart failure, 
Columbia University College of Physicians and 
Surgeons, New York. 

Gaudino, Mario, studies on the intra and extra- 
cellular distribution of water and electrolytes in 
the organism as a whole and in tissues by means 
of radio-active indicators, New York University 
College of Medicine, New York. 

Gergely, John, energetics and contractile proteins of 
heart muscle, Massachusetts General Hospital, 
Boston. 

Goodall, McChesney, (a) effect of cervico-stellate 
ganglionectomy on the adrenaline and noradren- 
aline content of sheep heart. (b) unknown sym- 
patholytie factor present in mammalian heart, Duke 
University School of Medicine, Durham, N. C. 

Goodyer, Allan V. N., hemodynamic factors affecting 
electrolyte metabolism and the renal excretion of 
electrolytes, Yale University School of Medicine, 
New Haven. 


ical 
ool, 


Grisolia, Santiago, enzymatic patterns of nitrogen 
metabolism in heart muscle, University of Kansas 
Medical School, Kansas City. 

Kaplan, Melvin H., attempt to localize tissue-de- 
posited streptococcal antigens and antibodies in 
animal and human tissues by means of the 
fluorescein-labeling technique; possible application 
to study of the pathogenesis of cardiac and skin 
lesions in rheumatic fever, House of the Good 
Samaritan and Children’s Medical Center, Boston. 

| —peschkin, Eugene, electro-physiological interpreta- 
tion of the normal and pathological ventricular 
complex of the electrocardiogram, University of 
Vermont, Burlington. 

' ann, George V., the cause and prevention of athero- 
sclerosis, Harvard School of Public Health, Boston. 
ateer, Frank M., (1) cardiovascular effects of specific 
electrolyte depletion and repletion studied by 
means of dialysis technique; (2) ballistocardio- 
graphic studies in the normal and abnormal subject, 
University of Pittsburgh School of Medicine, 
Pittsburgh. 
lathews, Martin B., the physical chemistry of the 
acid mucopolysaccharides of connective tissue and 


their protein complexes, University of Chicago, 
Chicago. 

Metcalfe, James, changes in the maternal circulation 
during pregnancy and labor. Boston Lying-in 
Hospital, Boston. 

Mommaerts, Wilfried, F. H. M., biochemistry of mus- 
cular contraction, Western Reserve University 
School of Medicine, Cleveland. 

Osborn, John J., extra-corporeal circulation, physi- 
ology of hypothermia, and intra-cellular fluid and 
ionic shifts during respiratory acidosis, Stanford 
University School of Medicine, San Francisco. 

Peterson, Lysle Henry, volume pressure, ‘distensi- 
bility’ of intact veins, arterial circulation with 
view to calculating stroke volume, integration of 
peripheral c-v-reflexes. University of Pennsyl- 
vania Medical School, Philadelphia. 

Rose, John C., (1) studies of the circulation in the dog 
using a mechanical left ventricle; (2) a sonic flow- 
meter; (3) studies in aortic insufficiency; (4) studies 
on the relationship between arterial pressure and 
cardiac auscultatory phenomena, Georgetown Uni- 
versity Medical Center, Washington, D. C. 

Sanadi, D. Rao, studies on (a) oxidative phosphoryla- 
tion and (b) amino acid metabolism, University of 
California Medical School, Los Angeles. 

Schmidt-Nielsen, Bodil M., comparative kidney 
physiology, Duke University School of Medicine, 
Durham, N. C. 

Singer, Thomas P., studies on oxidative metabolism 
of sulfur amino acids in animals; studies on metabo- 
lism and function of new coenzymes, Edsel B. Ford 
Institute for Medical Research, Henry Ford Hos- 
pital, Detroit. 

Sprinson, David B., (a) biochemistry of one-carbon 
intermediates; (b) biosynthesis of aromatic com- 
pounds in bacteria, Columbia University College 
of Physicians and Surgeons, New York. 

Stamler, Jeremiah, experimental atherosclerosis; 
experimental hypertension, renal function in 
edema formation, Michael Reese Hospital, Chicago. 

Stavitsky, Abram B., studies on the basic mechanisms 
of antibody production in vivo and in vitro, Western 
Reserve University School of Medicine, Cleveland. 

Stefanini, Mario, establishment of ‘profile’ of tests 
for diagnosis of thrombotic tendency; relation of 
the endocrine system to the blood coagulation 
mechanism and the pathogenesis of thrombo- 
embolism; possibilities of employment of fibrinolysin 
in the treatment of thromboembolism, St. Eliza- 
beth’s Hospital, Boston. 

Stetson, Chandler A., investigations in rheumatic 
fever, New York University College of Medicine, 
New York. 

Tobian, Louis, Jr., the relation of steroids and sodium 
to hypertension; the role of steroids and sodium to 
hypertension; the role of steroid intoxication in 
toxemia of pregnancy; the role of emulsifying forces 
in plasma in pregnancy; the role of emulsifying 
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forces in plasma in atherosclerosis, University of 

Minnesota School of Medicine, Minneapolis. 
Wessler, Stanford, the pathogenesis of intravascular 

thrombosis, Beth Israel Hospital, Boston. 


New Established Investigators 


Abelmann, Walter H., the circulation in disorders of 
metabolism and the regulatory role of the liver, 
The Thorndike Memorial Laboratory, Boston City 
Hospital and Department of Medicine, Harvard 
Medical School, Boston. 

Barker, Earl Stephens, studies in renal physiology— 
normal and pathologic, University of Pennsylvania, 
Renal Study Section, Philadelphia. 

Beck, William Samson, the mechanism by which 
hydrogen made available by carbohydrate oxida- 
tion is utilized for fatty acid synthesis, New York 
University College of Medicine, New York. 

Briller, Stanley Arthur, energetics of the myocardium, 
New York University College of Medicine, New 
York. 

Brodsky, William Aaron, renal and_ electrolyte 
metabolism, University of Louisville School of 
Medicine, Louisville. 

DuBois, Arthur Brooks, gas exchange in the lungs, 
mechanics of breathing, and pulmonary capillary 
blood flow, Graduate School of Medicine, Uni- 
versity of Pennsylvania, Philadelphia. 

Farber, Saul J., the role of electrolytes and their 
relationship to extracellular and_ intracellular 
organic constituents in heart disease and other 
diseases producing edema, New York University 
College of Medicine, New York. 

Goldthwait, David Atwater, the biosynthesis of purine 
nucleotides, Western Reserve University School 
of Medicine, Cleveland. 

Leaf, Alexander, a study of the factors which regulate 
fluid and electrolyte balance, Massachusetts Gen- 
eral Hospital, Boston. 

Mackler, Bruce, studies on the metabolic sequences 
involved in electron transport in mammalian 
tissues, Institute for Enzyme Research, University 
of Wisconsin, Madison. 

Paterson, Philip Young, pathogenesis of selected 
forms of tissue damage, University of Virginia 
School of Medicine, Charlottesville, Va. 

Szent-Gyorgyi, Andrew Gabriel, studies on the struc- 
ture of myosin, Institute for Muscle Research, 
Marine Biological Laboratory, Woods Hole, Mass. 

Zweifach, Benjamin William, biochemical analysis of 
structural elements of blood-tissue barrier, Labora- 
tory of Cellular Physiology, New York University, 
New York. 


New Research Fellowships 


Anderson, George Spaulding, studies on the visceral 
circulation in patients with various types of ac- 
quired and congenital heart disease, under J. W. 
Culbertson, State. University of Iowa Hospitals, 
Iowa City. 


Ballon, Jonathan Daniel, studies in pulmonary em 
bolism, under Stanford Wessler, Beth Israel Hos 
pital, Boston. 

Boucct, Nancy George, fluid and electrolyte balance 
with pulmonary and renal emphasis, under Joh ; 
P. Merrill, Peter Bent Brigham Hospital, Bosto: 

Bronner, Felix, mechanisms of ¢alcification, wit , 
special reference to the role of chondroitin sulfate , 
under T. M. Rivers, The Rockefeller Institute fcr 
Medical Research, New York. 

Brown, James Lawrence, role of adrenergic amines i) 
cardiovascular disease, under Ralph Eugene Smit! , 
C-V Laboratory, Veterans Administration Ho 
pital, University of Minnesota, Minneapolis. 

Burack, Walter Richard, mechanism of action of ir 
duced hypothyroidism when it alleviates symptom s 
in angina pectoris and congestive heart failure 
under Herrman Blumgart, Beth Israel Hospita 
Boston. 

Chao, Fu-Chuan, a study of nucleoproteins in yeast, 
chick embryo and mammalian tissues, under . 
Murray Luck, Stanford University, San Francise« 

Cominsky, Burton, hemodynamics of the splanchnic 
vascular bed, under Stanley EK. Bradley, Columbix 
University College of Physicians and Surgeons, 
New York. 

Corcoran, John William, the biosynthesis of por 
phyrins, under David Shemin, Columbia University 
College of Physicians and Surgeons, New York. 

Damon, Albert, constitutional factors in health, oc 
cupation, and disease, under William H. Sheldon, 
Columbia-Presbyterian Medical Center, New York. 

Davidson, Douglas George, effect of clamping renal 
artery on Na+ clearance, under Robert W. Berliner, 
National Institutes of Health, Bethesda, Md. 

Dickerman, Herbert William, mechanisms of biological 
oxidations and phosphorylations in isolated meto- 
chondria and in extracts and enzymes derived from 
metochondria, under Albert Lehninger, Johns 
Hopkins School of Medicine, Baltimore. 

Finnerty, Frank A., Jr., (1) investigations on toxemia 
of pregnancy; (2) studies on the cerebral and 
cardiac hemodynamics in postural hypotension; 
(3) cerebral and cardiovascular studies during 
hypotensive and freezing ‘‘anesthesia’’, under 
Hugh H. Hussey, Georgetown Medical Division, 
District of Columbia General Hospital, Washing- 
ton, D. C. 

Frazier, Howard Stanley, the effect of ouabain on the 
potassium transport of the normal and failing 
myocardium of the frog, under Arthur K. Solomon, 
Harvard Medical School, Boston. 

Gonzalez, I. Ernest, the influence of steroid hormon s 
on the histochemistry of the vascular bed and is 
response to injury—a study in atherogenesis, und: r 
Robert H. Furman, Oklahoma Medical Researc 1 
Foundation, Oklahoma City. 

Gordon, David Buddy, an experimental study of mali 
nant hypertension, under G. W. Pickering, Medic | 
Unit, St. Mary’s Hospital, London, England. 
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: rdon, Gerald S., study of cardiac metabolism, under 
J. D. Myers, Duke University Hospital, Dur- 
ham, N.C. 
uch, Frederick Tasker, biochemical aspect of a 
degenerative disease of man, under Irwin W. Sizer, 
Massachusetts Institute of Technology, Cam- 
bridge, Mass. 
ath, Edward Charles, function of the direct oxida- 
tive pathway for glucose in the cell, under B. L. 
Horecker, Institute of Arthritis and Metabolic 
Diseases, National Institutes of Health, Be- 
thesda, Md. 

Hoshiko, Tom, the excretion of chloride by the per- 
fused frog kidney, under Hans H. Ussing, Labora- 
tory of Zoophysiology, University of Copenhagen, 
Denmark. 

Huckabee, William Edward, effects of cardiovascular 
disease on oxidative and non-oxidative metabolism, 
under Robert W. Wilkins, Massachusetts Memorial 
Hospitals, Boston. 

Killip, Thomas, 3rd, Cardio pulmonary function in 
obesity, under Daniel Lukas, New York Hospital, 
New York. 

Knisely, William Hagerman, direct microscopic study 
of the responses of normal mammalian lung vascu- 
lature to various stimuli, under Eugene A. Stead, 
Jr. and Joseph Markee, Duke University School 
of Medicine, Durham, N. C. 

Kuida, Hiroshi, measurement of regional blood 
volumes and flows; physiological studies during 
cardiac surgery and transbronchoscopic left heart 
catheterization, under Lewis Dexter, Peter Bent 
Brigham Hospital, Boston. 

Kuo, Peter T., the study of the intravascular dis- 
tribution of plasma lipoprotein particles as they are 
influenced by the flow dynamics, under Calvin F. 
Kay, University of Pennsylvania, Philadelphia. 

Lamfrom, Hildegard, studies on the mechanism of 
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